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Abstract A transition-metal- and catalyst-free, highly efficient synthe-
sis of 3-arylmethylindoles has been achieved using tertiary amines as
both methylene (-CH2-) transfer and arylmethylation agents and K2S2O8

as a convenient oxidant. The key feature of this protocol is the utilisa-
tion of K2S2O8 as an inexpensive and easy to handle radical surrogate
that can effectively promote the reaction, leading to the formation of
C(sp2)–C(sp3)–C(sp2) bonds via sp3 C–H bond oxidation in water at
room temperature in a one-pot procedure.

Key words alkylation, indoles, tertiary amines, heterocycles, K2S2O8,
radical oxidation

A plethora of sp3 C–H bonds are present in organic com-
pounds but they are extremely unreactive bonds. Thus, the
direct functionalisation of sp3 C–H bonds is a challenging
task for synthetic organic chemists that has attracted con-
siderable attention1 because it does not require pre-func-
tionalisation steps such as stoichiometric metalation and
halogenation of the substrates. Particularly, a lot of effort
has been devoted to the direct functionalisation of sp3 C–H
bonds α to a nitrogen, oxygen, or sulfur atom.2 The process
generally involves single electron transfer (SET) reaction
and utilises organic peroxides such as benzoyl peroxide
(BPO), tert-butyl hydroperoxide (TBHP), di-tert butyl perox-
ide (DTBP), and tert-butyl peroxybenzoate (TBPB) as oxi-
dants to achieve couplings at sp3 C–H centre.3 However,
these peroxides are required in an excess amount and work
at only elevated temperatures, which limit their practicali-
ty.

3-Alkylindoles feature as key structural units in many
natural products and pharmaceuticals exhibiting various
biological properties such as antibacterial, antitumour, an-
tioxidative, insecticidal, and antihelmintic activities.4 Excel-
lent reviews covering the synthesis and applications of in-

dole derivatives are available.4a,4b,5 The importance of 3-al-
kylindole derivatives is captivating, and consequently they
have been target molecules in several organic syntheses.5–8

Kumar and co-workers have reported the synthesis of 3-
arylmethylindoles from indoles, formaldehyde, and tertiary
amines using silica-supported perchloric acid (HClO4–SiO2)
as a catalyst (Scheme 1a).6 Che et al. reported the direct 3-
arylmethylation of indoles by employing tertiary amines as
both methylene (-CH2-) transfer and arylmethylation
agents using a ruthenium catalyst and tert-butyl hydroper-
oxide as an oxidant at 110 °C (Scheme 1b).7 Very recently,
the research groups of He8a and Weng8b have performed the
same reaction under visible light irradiation using Rose
Bengal as a photosensitiser (Scheme 1c). These reactions
producing 3-arylmethylindoles proceed via an iminium ion
intermediate generated from a tertiary amine by the oxida-
tion of its sp3 C–H bond α to the nitrogen atom. Generally,
metals,9 peroxides,10 or inorganic oxidants11 are required to
generate an iminium ion by the oxidation of tertiary
amines.

Recently, K2S2O8 has been found to be a convenient and
efficient radical surrogate to bring about synthetically use-
ful chemical transformations under mild conditions.12 It is a
good oxidant to be employed in aqueous media. Moreover,
owing to its low cost, easy handling and workability at
room temperature, K2S2O8 is advantageous over organic
peroxides. Economical, environmental, and safety concerns
have established water as the cleanest solvent. Only a few
reports are available on the oxidation of sp3 C–H bonds em-
ploying K2S2O8 as a radical source.13 In view of the above
facts and in continuation of our studies on K2S2O8-mediated
organic synthesis,13a,14 we envisaged the present convenient
and highly efficient protocol for 3-arylmethylation of in-
doles in water (Scheme 1d). Although the previous metal-
free works (Scheme 1c)8 are elegant, they require Rose
Bengal as a photosensitiser and tend to give somewhat low-
© Georg Thieme Verlag  Stuttgart · New York — Synlett 2018, 29, A–E
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er yields in a longer reaction time (24–48 h). The present
work is catalyst-free, uses water as the solvent without ad-
dition of any co-solvent, and gives higher yields in a shorter
reaction time (2–4 h) using a very simple procedure. Thus,
this method is complementary and rather easier to execute
than the previous works.8

To realise the envisaged protocol, a model reaction was
performed with N,N-dimethylaniline (2a), indole (1a), and
K2S2O8 in CH3CN at r.t., which delivered 87% yield of the de-
sired product 3a after 2 h (Table 1, entry 1). Encouraged by
this result and from economical and environmental points
of view, the same reaction was conducted in water; fortu-
nately, it proceeded more efficiently to afford the product
3a in 89% yield (entry 2). Other screened solvents such as
DCE, DCM and DMSO were found to be far less effective
than water (entry 2 vs. 3–5).

The optimum amount of K2S2O8 was 1.5 equiv; the yield
was significantly reduced on decreasing its amount from
1.5 to 1.0 equiv (Table 1, entry 2 vs. 6), whereas, the yield
remained unchanged on using 2 equiv of the oxidant (entry
2 vs. 7). Other oxidants such as cerium(IV) ammonium ni-
trate (CAN), oxone, TBHP and DTBP were not as effective as
K2S2O8 (entry 2 vs. 8–11). To obtain the optimum yield, all
the reactions were conducted with 1a and 2a in a 1:2 molar
ratio, because the yield was considerably decreased on us-
ing an equimolar amount (entry 2 vs. 12), whereas the yield
was unaffected when 1a and 2a were used in 1:2.5 ratio
(entry 2 vs. 13). The reaction was quenched on addition of a
radical scavenger 2,2,6,6-tetramethylpiperidine-1-oxyl
(TEMPO) as the desired product 3a was detected only in
traces, which indicates that a radical intermediate is in-
volved in the reaction (entry 14).

Table 1  Optimization of Reaction Conditionsa

Scheme 1  Synthesis of 3-arylmethylindoles
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Entry Solvent Oxidant (1.5 equiv) Temp. (°C) Time (h) Yield (%)b

 1 CH3CN K2S2O8 (1.5) r.t. 2 87

 2 H2O K2S2O8 (1.5) r.t. 2 89

 3 DCE K2S2O8 (1.5) r.t. 4 78

 4 CH2Cl2 K2S2O8 (1.5) r.t. 4 71

 5 DMSO K2S2O8  (1.5) r.t. 4 62

 6 H2O K2S2O8 (1.0) r.t. 2 72

 7 H2O K2S2O8 (2.0) r.t. 2 89

 8 H2O CAN (1.5) r.t. 4 76

 9 H2O Oxone (1.5) 80 4 62

10 H2O TBHP (1.5) 80 4 55

11 H2O DTBP (1.5) r.t. 4 67

12 H2O K2S2O8 (1.5) r.t. 2 44c

13 H2O K2S2O8 (1.5) r.t. 2 89d

14 H2O K2S2O8 (1.5) r.t. 2 tracese

a Reaction conditions: 1a (1.0 mmol), 2a (2.0 mmol), oxidant (1–2 equiv), 
solvent (3 mL), stirred at r.t. for 2–4 h.
b Isolated yield of the pure product 3a.
c Reaction was carried out with 1a (1.0 mmol) and 2a (1.0 mmol).
d Reaction was carried out 1a (1.0 mmol) and 2a (2.5 mmol).
e Reaction was quenched with TEMPO (4 equiv).

N

N

H
NH

N
oxidant (equiv)

solvent, rt, time (h)

1a                     2a                                                                    3a
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Employing the optimised reaction conditions (Table 1,
entry 2), we examined the generality and scope of the pres-
ent K2S2O8-mediated synthesis of 3-arylmethylindoles 3
across a wide range of indoles 1 and tertiary amines 2, in-
corporating various substituents such as CH3, OCH3, F, Cl, Br,
I, and Et.15 All of these smoothly reacted to afford 21–94%
yields of the corresponding product 3 (Scheme 2), showing
that the protocol is very mild and that considerable struc-
tural and functional group variations in the substrates 1
and 2 are well tolerated. The electronic and steric effects of
the substituents present in 1 and 2 affect the efficiency of
the reaction. The substrates bearing an electron-donating
group on the aromatic ring appear to react faster and give
slightly higher yields as compared to those having an elec-
tron-withdrawing group (Scheme 2, products 3b–d and 3p
vs. 3e–i and 3q). N-Methylylindole has marginally higher
yield than the corresponding unmethylated indole (Scheme
2, product 3k vs. 3a), whereas N-arylindoles have very low
yields in comparison to N-alkylindoles (Scheme 2, products
3n and 3o vs. 3k–m).

To evaluate the application of the present protocol in or-
ganic synthesis, a gram-scale synthesis of 3a was conduct-
ed. Thus, the reaction of indole 1a (10 mmol, 1.17 g) was
performed with N,N-dimethylaniline 2a (20 mmol, 2.42 g)
in water (30 mL) at r.t. under the optimised reaction condi-

tions. After completion of the reaction (2 h), the desired
product 3a was isolated in an excellent yield of 91% (2.27 g)
without any decrease in efficiency as compared to that of
the 1.0 mmol scale reaction.

In accordance with our observations and on literature
precedent,8a,13a a plausible mechanistic pathway is pro-
posed in Scheme 3. The KHSO4

· radical, formed by homoly-
sis of K2S2O8, abstracts a hydrogen atom from N,N-dimeth-
ylaniline (2a) to generate an N,N-dimethylaniline radical A.
A SET from radical A to KSO4

· radical forms a highly reactive
intermediate B, which undergoes nucleophilic attack by in-
dole (1a) to give the corresponding aminomethylated in-
dole C, and subsequently azafulvalene intermediate D with
the loss of N-methylaniline (E).16 The intermediate D, reacts
with N,N-dimethylaniline (2a) to afford the final product
3a.17 The HRMS (EI) of the reaction mixture confirmed the
formation of the intermediate C [HRMS (EI): m/z calcd for
C6H16N2: 236.1313; found: 236.1316]. This also supports
the proposed mechanism.

In conclusion, we have developed an operationally sim-
ple, transition-metal- and catalyst-free highly efficient syn-
thesis of 3-arylmethylindoles from indoles and tertiary
amines using K2S2O8 as a convenient oxidising agent in wa-
ter. The reaction utilises tertiary amines as both methylene
(-CH2-) transfer and arylmethylation agents, K2S2O8 as a

Scheme 2  Substrate scope for the synthesis of 3-arylmethylindoles. For experimental procedure, see ref.15 a All compounds are known and were char-
acterized by comparison of their spectral data with those reported in the literature7,8 (see the Supporting information). b Yields of isolated pure com-
pounds 3.
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readily available, inexpensive, and easy to handle radical
surrogate, and water as the greenest solvent. The protocol
involves sequential formation of C(sp2)–C(sp3)–C(sp2)
bonds via sp3 C–H bond activation in a one-pot operation at
room temperature. 

Funding Information

M.S. is grateful to the UGC, New Delhi, for a research fellowship. ()

Acknowledgment

We sincerely thank the SAIF, Punjab University, Chandigarh, for pro-
viding spectra.

Supporting Information

Supporting information for this article is available online at
https://doi.org/10.1055/s-0037-1610264. Supporting InformationSupporting Information

References

(1) For a recent reviews on the construction of C–C and C–X (X = N,
O, S, and Se) bond to C (sp3)–H carbon, see: (a) Rouquet, G.;
Chatani, N. Angew. Chem. Int. Ed. 2013, 52, 11726. (b) Mousseas,
J. J.; Charette, A. B. Acc. Chem. Res. 2013, 46, 412. (c) Kozhushkov,
S. I.; Ackermann, L. Chem. Sci. 2013, 4, 886. (d) Davies, H. M. L.;
Lian, Y. Acc. Chem. Res. 2012, 45, 923. (e) Neufeldt, S. R.; Sanford,
M. S. Acc. Chem. Res. 2012, 45, 936. (f) Campbell, A. N.; Stahl, S. S.
Acc. Chem. Res. 2012, 45, 851. (g) Baudoin, O. Chem. Soc. Rev.
2011, 40, 4902. (h) Sun, C.-L.; Li, B.-J.; Shi, Z.-J. Chem. Rev. 2011,
111, 1293. (i) Coperet, C. Chem. Rev. 2010, 110, 656. (j) Werner,
H. Angew. Chem. Int. Ed. 2010, 49, 4714. (k) Daugulis, O.; Do, H.-
Q.; Shabashov, D. Acc. Chem. Res. 2009, 42, 1074. (l) Chen, X.;
Engle, K. M.; Wang, D.-H.; Yu, J.-Q. Angew. Chem. Int. Ed. 2009,
48, 5094. (m) Li, C.-J. Acc. Chem. Res. 2009, 42, 335.

(2) For recent articles on α-C (sp3)–H functionalization adjacent to
N, O, and S heteroatoms, see: (a) Segundo, M. S.; Correa, A. Syn-
thesis 2018, 50, 2853. (b) Batra, A.; Singh, P.; Singh, K. N. Eur. J.

Org. Chem. 2017, 3739. (c) Guo, S.-R.; Kumar, P. S.; Yanga, M.
Adv. Synth. Catal. 2017, 359, 2. (d) Lakshman, M. K.; Vurama, P.
K. Chem. Sci. 2017, 8, 5845. (e) Muramatsu, W.; Nakano, K. Tet-
rahedron Lett. 2015, 56, 437. (f) Shang, X.-J.; Liu, Z.-Q. Tetrahe-
dron Lett. 2015, 56, 482. (g) Chu, X.-Q.; Meng, H.; Zi, Y.; Xu, X.-P.;
Ji, S.-J. Chem. Commun. 2014, 9718. (h) Wu, X. F.; Gong, J.-L.; Qi,
X. Org. Biomol. Chem. 2014, 12, 5807. (i) Liu, D.; Liu, C.; Li, H.;
Lei, A. Chem. Commun. 2014, 23. (j) Dev, M. L.; Dey, S. S.; Bento,
M. I.; Barros, T.; Maycock, C. D. Angew. Chem. Int. Ed. 2013, 52,
9791. (k) Kozhushkov, S. I.; Ackermann, L. Chem. Sci. 2013, 4,
886.

(3) For metal-free articles on C (sp3)–H functionalization, see:
(a) Zhao, J.; Fang, H.; Song, R.; Zhou, J.; Han, J.; Pan, Y. Chem.
Commun. 2015, 599. (b) Ali, W.; Guin, S.; Rout, S. K.; Gogoi, A.;
Patel, B. K. Adv. Synth. Catal. 2014, 356, 3099. (c) Zhao, N.; Liu, L.;
Wang, F.; Li, J.; Zhang, W. Adv. Synth. Catal. 2014, 356, 2575.
(d) Zhao, J.; Fang, H.; Han, J.; Pan, Y.; Li, G. Adv. Synth. Catal.
2014, 356, 2719. (e) Zeng, J.-W.; Liu, Y.-C.; Hsieh, P.-A.; Huang,
Y.-T.; Yi, C.-L.; Badsara, S. S.; Lee, C.-F. Green Chem. 2014, 16,
2644. (f) Sha, W.; Yu, J.-T.; Jiang, Y.; Yang, H.; Cheng, J. Chem.
Commun. 2014, 11374. (g) Guo, S.; He, W.; Xiang, J.; Yuan, Y.
Chem. Commun. 2014, 8578. (h) He, C.; Qian, X.; Sun, P. Org.
Biomol. Chem. 2014, 12, 6072.

(4) (a) Yao, S.-J.; Ren, Z.; Guan, Z.-H. Tetrahedron Lett. 2016, 57,
3892. (b) Yao, S.-J.; Ren, Z.; Guan, Z.-H. Tetrahedron Lett. 2016,
57, 3892. (c) Dalpozzo, R. Chem. Soc. Rev. 2015, 44, 742.
(d) Vasiljevik, T.; Franks, L. N.; Ford, B. M.; Douglas, J. T.; Prather,
P. L.; Fantegrossi, W. E.; Prisinzano, T. E. J. Med. Chem. 2013, 56,
4537. (e) Subramaniapillai, S. G. J. Chem. Sci. 2013, 125, 467.
(f) Jain, H. D.; Zhang, C.; Zhou, S.; Zhou, H.; Ma, J.; Liu, X.; Liao,
X.; Deveau, A. M.; Dieckhaus, C. M.; Johnson, M. A.; Smith, K. S.;
Macdonald, T. L.; Kakeya, H.; Osada, H.; Cook, J. M. Bioorg. Med.
Chem. 2008, 16, 4626. (g) Cacchi, S.; Fabrizi, G. Chem. Rev. 2005,
105, 2873. (h) Kuo, C.-C.; Hsieh, H.-P.; Pan, W.-Y.; Chen, C.-P.;
Liou, S.-J.; Lee, Y. L.; Chang, L.-T.; Chen, C.-T.; Chen, J.-Y. Cancer
Res. 2004, 64, 4621. (i) Kuo, C.-C.; Hsieh, H.-P.; Pan, W.-Y.; Chen,
C.-P.; Liou, J.-P.; Lee, S.-J.; Chang, Y.-L.; Chen, L.-T.; Chen, C.-T.;
Chang, J.-Y. Cancer Res. 2004, 64, 4621. (j) Williams, R. M.; Cao,
J.; Tsujishima, H.; Cox, R. J. J. Am. Chem. Soc. 2003, 125, 12172.

(5) Kochanowska-Karamyan, A. J.; Hamann, M. T. Chem. Rev. 2010,
110, 4489.

(6) Kumar, A.; Sharma, S.; Maurya, R. A. Tetrahedron Lett. 2009, 50,
5937.

(7) Wang, M.-Z.; Zhou, C.-Y.; Wong, M.-K.; Che, C.-M. Chem. Eur. J.
2010, 16, 5723.

(8) (a) Ding, X.; Dong, C.-L.; Guan, Z.; He, Y.-H. Adv. Synth. Catal.
2018, 360, 762. (b) Dai, X.-Q.; Xu, W.-X.; Wen, Y. L.; Liu, X.-H.;
Weng, J.-Q. Tetrahedron Lett. 2018, 59, 2945.

(9) Chen, J.; Liu, B.; Liu, D.; Liu, S.; Cheng, J. Adv. Synth. Catal. 2012,
354, 2438.

(10) Xing, L.-J.; Wang, X. M.; Li, H.-Y.; Zhou, W.; Kang, N.; Wang, P.;
Wang, B. RSC Adv. 2014, 4, 26783.

(11) Wang, X.-H.; Wang, Y.; Yuan, Y.; Xing, C. H. Tetrahedron 2014,
70, 2195.

(12) (a) Mandal, S.; Bera, T.; Dubey, G.; Saha, J.; Laha, J. K. ACS Catal.
2018, 8, 5085. (b) Ilangovan, A.; Polu, A.; Satish, G. Org. Chem.
Front. 2015, 2, 1616. (c) Yang, D.; Yan, K.; Wei, W.; Li, G.; Lu, S.;
Zhao, C.; Tian, L.; Wang, H. J. Org. Chem. 2015, 80, 11073.
(d) Chen, X.; Li, X.; Chen, X.-L.; Qu, L.-B.; Sun, J.-Y.; Liu, Z. D.; Bi,
W.-Z.; Xia, Y.-Y.; Wua, H.-T.; Zhao, Y.-F. Chem. Commun. 2015,
3846. (e) Wang, J. Y.; Jiang, Q.; Guo, C. C. Synth. Commun. 2014,
44, 3130. (f) Rao, H.; Wang, P.; Wang, J.; Li, Z.; Sun, X.; Cao, S.
RSC Adv. 2014, 4, 49165. (g) Jiang, Q.; Shenga, W.; Guo, C. Green

Scheme 3  A plausible mechanism for the formation of 3-arylmethylin-
doles 3

N

H

N
H

N

H
N

N

H

N

N
H

N

KHSO4

KSO4

2a

H

1a

H

C

D3a

KO-S-O-O-S-OK

O

O

N

A

1a K2S2O8

H2O, rt
 2–4 h

2a

KSO4

KSO4

E

H

B

N

O

O

© Georg Thieme Verlag  Stuttgart · New York — Synlett 2018, 29, A–E



E

M. Singh et al. LetterSyn  lett

D
ow

nl
oa

de
d 

by
: U

ni
ve

rs
ity

 o
f W

es
te

rn
 O

nt
ar

io
. C

op
yr

ig
ht

ed
 m

at
er

ia
l.
Chem. 2013, 15, 2175. (h) Fujiwara, Y.; Domingo, V.; Seiple, I. B.;
Gianatassio, R.; Bel, M. D.; Baran, P. S. J. Am. Chem. Soc. 2011,
133, 3292. (i) Yang, Z.; Chen, X.; Wang, S.; Liu, J.; Xie, K.; Wang,
A.; Tan, Z. J. Org. Chem. 2012, 77, 7086. (j) Lockner, J. W.; Dixon,
D. D.; Risgaard, R.; Baran, P. S. Org. Lett. 2011, 13, 5628.
(k) Seiple, I. B.; Su, S.; Rodriguez, R. A.; Gianatassio, R.; Fujiwara,
Y.; Sobel, A. L.; Baran, P. S. J. Am. Chem. Soc. 2010, 132, 13194.

(13) (a) Ji, P. Y.; Liu, Y. F.; Xu, J. W.; Luo, W. P.; Liu, Q.; Guo, C. C. J. Org.
Chem. 2017, 82, 2965. (b) Yadav, A. K.; Yadav, L. D. S. Tetrahedron
Lett. 2016, 57, 1489. (c) Devari, S.; Shah, B. A. Chem. Commun.
2016, 1490. (d) Wu, H.; Xiao, Z.; Wu, J.; Guo, Y.; Xiao, J. C.; Liu,
C.; Chen, Q. Y. Angew. Chem. Int. Ed. 2015, 54, 4070. (e) More, N.
Y.; Jeganmohan, M. Chem. Eur. J. 2015, 21, 1337. (f) Ma, J.; Yi,
W.; Lu, G.; Cai, C. Org. Biomol. Chem. 2015, 13, 2890.

(14) (a) Singh, A. K.; Chawla, R.; Yadav, L. D. S. Tetrahedron Lett. 2014,
55, 4742. (b) Singh, A. K.; Chawla, R.; Keshari, T.; Yadav, V. K.;
Yadav, L. D. S. Org. Biomol. Chem. 2014, 12, 8550. (c) Chawla, R.;
Singh, A. K.; Yadav, L. D .S. Eur. J. Org. Chem. 2014, 2032.
(d) Singh, A. K.; Chawla, R.; Yadav, L. D. S. Tetrahedron Lett. 2014,
55, 2845.

(15) General procedure for the synthesis of 3-arylmethylindoles
3: A mixture of N,N-dimethylaniline 1 (2.0 mmol), indole 2 (1.0
mmol), K2S2O8 (1.5 equiv), and CH3CN (3 mL) was taken in a
flask and stirred at r.t. for 2–4 h (Scheme 2). After completion of
the reaction (monitored by TLC), water (5 mL) was added and
the mixture was extracted with ethyl acetate (3 × 5 mL). The
combined organic phase was dried over anhydrous Na2SO4, fil-
tered, and evaporated under reduced pressure. The resulting
crude product was purified by silica gel chromatography using a
mixture of hexane/ethyl acetate (4:1) as eluent to afford an ana-
lytically pure sample of product 3.
Compound 3a [see ref. 8]: 1H NMR (400 MHz, CDCl3): δ = 7.93 (s,
1 H), 7.52 (d, J = 7.9 Hz, 1 H), 7.34 (d, J = 8.1 Hz, 1 H), 7.14 (m,
3 H), 7.06 (m, 1 H), 6.85 (s, 1 H), 6.71 (d, J = 8.4 Hz, 2 H), 4.04 (s,
2 H), 2.93 (s, 6 H). 13C NMR (100 MHz, CDCl3): δ = 149.1, 136.6,
129.7, 129.3, 127.6, 122.1, 121.9, 120.0, 119.3, 116.7, 113.1,
111.0, 41.1, 30.6. HRMS (EI): m/z calcd for C17H18N2: 250.1470;
found: 250.1473.
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