
Registered Charity Number 207890

Accepted Manuscript

This is an Accepted Manuscript, which has been through the RSC Publishing peer 
review process and has been accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, which is prior 
to technical editing, formatting and proof reading. This free service from RSC 
Publishing allows authors to make their results available to the community, in 
citable form, before publication of the edited article. This Accepted Manuscript will 
be replaced by the edited and formatted Advance Article as soon as this is available.

To cite this manuscript please use its permanent Digital Object Identifier (DOI®), 
which is identical for all formats of publication.

More information about Accepted Manuscripts can be found in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the text and/or 
graphics contained in the manuscript submitted by the author(s) which may alter 
content, and that the standard Terms & Conditions and the ethical guidelines 
that apply to the journal are still applicable. In no event shall the RSC be held 
responsible for any errors or omissions in these Accepted Manuscript manuscripts or 
any consequences arising from the use of any information contained in them.

ChemComm

www.rsc.org/chemcomm

ISSN 1359-7345

Chemical Communications

www.rsc.org/chemcomm Volume 46 | Number 32 | 28 August 2010 | Pages 5813–5976

1359-7345(2010)46:32;1-H

Volum
e 46 | N

um
ber 32 | 2010 

C
hem

C
om

m
     

 
Pages 5813–5976

COMMUNICATION
J. Fraser Stoddart et al.
Directed self-assembly of a 
ring-in-ring complex

FEATURE  ARTICLE
Wenbin Lin et al.
Hybrid nanomaterials for biomedical 
applications

www.rsc.org/journals
Registered Charity Number 207890

Free institutional access, managed by IP address, is available on all these titles. 
For more details, and to register, visit www.rsc.org/free_access_registration

New for 2010

Chemical Science - a new journal presenting findings of exceptional significance from across the chemical 
sciences. www.rsc.org/chemicalscience

MedChemComm - focusing on medicinal chemistry research, including new studies related to 
biologically-active chemical or biochemical entities that can act as pharmacological agents with therapeutic 
potential or relevance. www.rsc.org/medchemcomm

Polymer Chemistry - publishing advances in polymer chemistry covering all aspects of synthetic and 
biological macromolecules, and related emerging areas. www.rsc.org/polymers

New for 2009 

Analytical Methods - highlights new and improved methods for the practical application of analytical 
science. This monthly journal will communicate research in the advancement of analytical techniques for use 
by the wider scientific community. www.rsc.org/methods

Integrative Biology - focusing on quantitative multi-scale biology using enabling technologies and tools to 
exploit the convergence of biology with physics, chemistry, engineering, imaging and informatics. 
www.rsc.org/ibiology

Metallomics - covering the research fields related to metals in biological, environmental and clinical systems. 
www.rsc.org/metallomics

Nanoscale - publishing experimental and theoretical work across the breadth of nanoscience and 
nanotechnology. www.rsc.org/nanoscale

Top science …free institutional access

ISSN 2041-6520

www.rsc.org/chemicalscience Volume 1  |  Number 1  |  2010

Chemical Science

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  J. Zhu, A. Bunescu, C. Piemontesi and
Q. Wang, Chem. Commun., 2013, DOI: 10.1039/C3CC46361C.

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
http://dx.doi.org/10.1039/c3cc46361c
http://pubs.rsc.org/en/journals/journal/CC


Journal Name 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ► 

ARTICLE TYPE 
 

This journal is © The Royal Society of Chemistry [year] [journal], [year], [vol], 00–00  |  1 

Heteroannulation of Arynes with N-Aryl-α-Aminoketones for the 
Synthesis of Unsymmetrical N-Aryl-2,3-Disubstituted Indoles: An Aryne 
Twist of Bischler-Möhlau Indole Synthesis 
Ala Bunescu,a Cyril Piemontesi,a Qian Wanga and Jieping Zhu*a 

Received (in XXX, XXX) Xth XXXXXXXXX 20XX, Accepted Xth XXXXXXXXX 20XX 5 

DOI: 10.1039/b000000x 

Reaction of 2-(trimethylsilyl)aryl triflates 1 with N-aryl-α-
amino ketones 2 afforded N-aryl-2,3-disubstituted indoles in 
good to excellent yields with complete control of the 
substitution patterns. This methodology allowed for the first 10 

time a one-step synthesis of unsymmetric 2,3-dialkyl 
substituted indoles in a regiospecific manner. 

N-arylindoles are present in a large number of biologically and 
medicinally relevant compounds with proven utilities in 
pharmacology, agrochemistry and material science.1 Despite a 15 

large number of existing methodologies that have been developed 
over the past century,2 methods allowing direct access to N-
arylindoles3 remain scarce.  
 

 20 

Scheme 1 Reaction of arynes with N-aryl-α-aminoketones to N-
arylindoles 

As a continuation of our research program aiming at developing 
efficient syntheses of indoles4 and indole-containing natural 
products,5 we became interested in developing a one-step 25 

synthesis of N-arylindoles by a new benzannulation reaction 
between arynes,6,7 generated in situ from 2-(trimethylsilyl)aryl 
triflates 1, and N-aryl-α-aminoketones 2 (Scheme 1, eq 1).8,9 The 
advantage of the present transformation is that it should allow the 
regiospecific synthesis of 2,3-disubstituted indoles in contrast to 30 

the classic Bischler-Möhlau reaction, which inevitably afforded a 
mixture of two regioisomeric indoles (Scheme 1, eq 2).10 In 

addition, it could provide a valuable solution to a one-step 
synthesis of unsymmetrical 2,3-dialkyl (non-methyl) substituted 
indoles, a longstanding and challenging problem in the field of 35 

indole synthesis.11 

Table 1 Optimizations of reaction conditionsa 

 
 

Entry Additive Solvent T (°C) Yielde 

1 -- CH3CN 65  50 
2 -- EtCN 65 61 
3 -- n-PrCN 65 58 
4 -- i-PrCN 65 62 
5 -- t-BuCN 65 44 
6 18-C-6b i-PrCN/DCE (1/4) rt (72)f 
7 18-C-6b i-PrCN rt (52)f 
8 18-C-6b,c i-PrCN/DCE (1/4) rt (65)f 
9 18-C-6b, Cs2CO3

d i-PrCN/DCE (1/4) rt 71(75)f 
a All reactions were carried out under Ar using 2a (1.0 equiv), 1a (1.4 40 

equiv), CsF (3.0 equiv), solvent (c 0.14 M); b 1.1 equiv of 18-C-6; c KF 
(3.0 equiv) was used as fluoride source; d 2.0 equiv of Cs2CO3; e Isolated 
yield; f Yield in parenthesis is calculated based on 1H NMR spectrum 
using CH2Br2 as an internal standard; DCE = 1,2-dichloroethane. 

 45 

We began our investigation using 2-(trimethylsilyl)phenyl triflate 
(1a)12 and 3-(phenylamino)butan-2-one (2a) as test substrates for 
evaluating reaction conditions (Table 1). Performing the reaction 
in acetonitrile at 65 °C in the presence of CsF afforded the 
desired indole 3a in 50% yield accompanied by a significant 50 

amount of 3aa (32%) and 3ab (9%, Scheme 2). Mechanistically, 
nucleophilic addition of amine 2a to the in situ generated benzyne 
A would lead to intermediate B from which, three different 
reactions could take place leading to the observed products. 
Indole 3a resulted from the cyclization of B followed by 55 

dehydration of 3-hydroxyindoline C as we expected (pathway a). 
Aniline 3aa could be produced by an intramolecular proton 
transfer of intermediate B (pathway b).13 This pathway, a side 
reaction to be avoided in our case, has been elegantly exploited 
for the synthesis of functionalized anilines.14 The formation of 60 
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eq 2: Bischler-Möhlau Indole Synthesis

eq 1: Benzyne twist of Bischler-Möhlau Indole Synthesis
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3ab was less evident and we assumed that it might go through the 
intermediate D resulting from the nucleophilic addition of tertiary 
amine C onto the benzyne A. Intramolecular proton transfer 
followed by β-elimination would then afford 3ab (pathway c)15 
To channel the reaction into the pathway a, an extensive survey 5 

of reaction conditions was carried out varying the fluoride 
sources (CsF, KF, TBAF), the solvents, the temperature, the 
reaction time, the bases, and the additives. Some representative 
results are presented in Table 1. Addition of crown ether enabled 
the annulation to be realized at room temperature that effectively 10 

suppressed the formation of side product 3ab. Overall, the 
optimized conditions consisted of performing the reaction in a 
solvent mixture (isopropionitrile/dichloroethane = 1/4) in the 
presence of CsF (3.0 equiv), Cs2CO3 (2.0 equiv) and 18-C-6 (1.1 
equiv) at room temperature (entry 9).16 Under these conditions, 15 

the indole 3a was formed together with a variable amount of N-
phenyl-2,3-dimethyl-3-hydroxy indoline C (Scheme 2). However, 
the latter readily underwent dehydration upon purification on 
silica gel column chromatography to provide indole 3a in 71% 
overall yield. 20 

 
Scheme 2 Possible reaction pathways leading to 3a, 3aa and 3ab. 

The generality of this reaction was subsequently explored by 
varying electronic and steric properties of both 1 and 2 under the 
optimal conditions. Since the dehydration of 3-hydroxyindoline C 25 

was not spontaneous in some cases, the crude annulation product 
was first treated with silica gel in MeOH/CH2Cl2/AcOH (1/1/1, 
40 °C) before purification. The results are summarized in Table 2. 
The effect of N-aryl substituents was studied first (see 3b-g). 
Strong (OMe) and weak (Me) electron donating groups were 30 

tolerated in the ortho and para positions. The presence of an 
ortho substituent in the N-aryl group had a positive effect on the 
reaction outcome (3a vs 3e vs 3g). Weak electron withdrawing 
group (Br, 3f) was well tolerated. However, strong electron-
withdrawing group (NO2) in para position reduced significantly 35 

the reaction efficiency furnishing 3b in only 21% yield. The 
reduced nucleophilicity of the p-nitroaniline could account for 
this observation. Fortunately, by performing the reaction in EtCN 
at 65 °C in the absence of 18-C-6, 3b can be isolated in 47% 
yield. Variation of substituents at position 2 and 3 of indole was 40 

next examined (3h-3r). It was noticed that the efficiency of the 
reaction increased as the size of the R1 substituent increased (3h-

k). Most importantly, the unsymmetrical 2,3-dialkyl (non-methyl) 
substituted indoles (3m – 3r) can be synthesized in good yields 
without scrambling of the R1 and R2 substituents. To the best of 45 

our knowledge, this represented the first examples of one-step 
synthesis of this type of indoles with complete control of 
regiochemistry.17 

Table 2 Reaction Scopea 

 
a All reactions were carried out under Ar using N-aryl-α-aminoketone 2 50 

(0.21 mmol, 1.0 equiv), 1 (0.29 mmol, 1.4 equiv), CsF (0.63 mmol, 3.0 
equiv), Cs2CO3 (0.42 mmol, 2.0 equiv), 18-C-6 (0.23 mmol, 1.1 equiv), i-
PrCN/DCE (1/4) (1.5 mL, c 0.14 M) at RT for 2-6 h then 
MeOH/CH2Cl2/AcOH (1/1/1), silica gel, 40 °C; b EtCN (c 0.14 M), 65 °C; 
c the starting material was 2-methyl-5-(phenylamino)oct-7-en-4-one; d 

55 

inseparable mixture; e the two compound were separated. 

 
Finally, substituted 2-(trimethylsilyl)aryl triflates 1 were 
examined. Electron rich and poor symmetric arynes all reacted 
well with N-aryl α-aminoketones to furnish N-arylindoles in 60 

moderate to good yields (3s-w). As expected, a mixture of two 
regioisomers were produced (3x/3x’, 3y/3y’) when 3-methyl-2-
(trimethylsilyl)phenyl triflate, and 4-methoxy-2-
(trimethylsilyl)phenyl triflate were used as aryne precursors. 
However, a single regioisomer 3z was produced with 3-methoxy-65 
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3b, R = p-NO2, 21% (47%)b

3c, R = p-OMe, 63%
3d, R = o-OMe, 67%
3e, R = o-Me, 75%
3f, R = o-Br, 80%
3g, R = 2, 6-dimethyl, 87%

N

R2

R1

3h, R1 = Et, R2 = Ph, 78%
3i, R1 = nPr, R2 = Ph, 81%
3j, R1= iPr, R2 = Ph, 86%
3k, R1 = Ph, R2 = Ph, 90%
3l, R1 = Ph, R2 = Bn, 83%
3m, R1 = Et, R2= nPr, 76%
3n, R1 = nPr, R2 = nBu, 69%
3o, R1 = iPr, R2 = Et, 81%
3p, R1 = iPr, R2 = cPr, 83%
3q, R1 = iBu, R2 = homoallyl, 85%
3r/3r' (~10/1), R1 = iBu
R2 = (E)/(Z)-(prop-1-en-1-yl), 79%c

N

Me

Me

MeMe
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N R1
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R

R

3t, R = Me,  R1  = Ph, 68%
3u, R = OCH2O,  R1  = Ph, 73%
3v, R = OMe, R1  = Ph, 68%
3w, R = F,  R1  = Me, 57%

3y/3y' (~ 1/1)
R = 5-OMe/6-OMe, 66%d

N Me

Me
R

3x/3x' (~ 1.5 /1)
R = 4-Me/7-Me, 74%d

N

Ph

nPr

R

R

3z/3z' (~ 3.1 /1)
R = H/3-OMe-Ph, 70%e
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2-(trimethylsilyl)phenyl triflate in accordance with the literature 
precedents.18 An arylation product 3z' (R = 3-methoxy phenyl, 
17%) was also isolated resulting from the nucleophilic addition of 
3z (R = H) to benzyne in this case.  

Conclusions 5 

In summary, we developed a novel heteroannulation reaction 
between benzynes and N-aryl α-aminoketones for the synthesis of 
N-aryl-2,3-disubstituted indoles 3 with a wide application scope. 
The reaction allowed, for the first time, a one-step synthesis of 
unsymmetrical 2,3-dialkyl (non methyl) substituted indoles with 10 

complete control of regioseletivity.  
We thank EPFL (Switzerland), Swiss National Science 
Foundation (SNSF) and Swiss National Centres of Competence 
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 A new indole synthesis was developed allowing preparation of 
unsymmetrical 2,3-dialkyl substituted N-aryl indoles in one-step with 
complete regio control. 
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