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Abstract: An efficient tandem reaction of 2-alkynyl-
benzaldoximes with isocyanides co-catalyzed by
silver triflate and bismuth triflate has been devel-
oped, which gives rise to the unexpected N-(isoqui-
nolin-1-yl)formamides in good to excellent yields.
The iodo- and bromo-containing products could be

obtained as well by variation of the reaction condi-
tions.
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Introduction

The chemical genetics approach has created a critical
demand to develop practical routes for rapid synthesis
of natural product-like molecules.[1] Among the diver-
sity-oriented synthesis strategies, the development of
tandem reactions[2] for the efficient construction of
small molecules is an important part from the view-
points of operational simplicity and assembly efficien-
cy. Meanwhile, much attention has been paid to the
multicatalytic processes in the field of tandem reac-
tions.[3,4] Usually, in a single flask one or more cata-
lysts promote two or more distinct chemical transfor-
mations in a reaction. Recently, we have developed
multicatalytic systems for the generation of nitrogen-
containing heterocycles.[5] For instance, the combina-
tion of silver triflate and proline catalysis shows high
efficiency in the multicomponent reactions of 2-alky-
nylbenzaldehydes, amines, and ketones.[5a] The one-
pot reaction of 2-alkynylbenzaldehydes, amines, zinc,
and allylic bromide or benzyl bromide could not pro-
ceed without the co-catalyst Mg ACHTUNGTRENNUNG(ClO4)2 and Cu-ACHTUNGTRENNUNG(OTf)2.

[5b] As part of a continuing effort in our labora-
tory for accessing privileged scaffolds,[6] we have been
interested in exploring the new multicatalytic tandem
processes to facilitate the preparation of natural prod-
uct-like compounds.

It is well known that the isoquinoline core exists in
many natural products and pharmaceuticals that ex-

hibit remarkable biological activities.[7,8] Moreover,
isoquinoline derivatives have found applications as
chiral ligands for transition metal catalysts.[9] In addi-
tion, their iridium complexes have been demonstrated
to be useful in organic light-emitting diodes.[10] Thus,
continuous efforts have been made for the develop-
ment of new methods for the synthesis of isoquino-
lines.[11,12] Although there are several routes to isoqui-
nolines, the development of efficient methodologies
for the synthesis of functionalized isoquinolines under
mild conditions is still of high interest. Herein, we dis-
close an unusual multicatalytic tandem reaction of 2-
alkynylbenzaldoximes with isocyanides, which affords
the unexpected N-(isoquinolin-1-yl)formamide in
good to excellent yields.

Recently, 2-alkynylbenzaldoximes have been re-
ported as a versatile building block for the synthesis
of nitrogen-containing heterocycles.[6a,b,13] For exam-
ple, Shin disclosed the gold-catalyzed internal redox/
dipolar cycloaddition cascade reactions of 2-
alkynylbenzaldox ACHTUNGTRENNUNGimes.[13a] A tandem electrophilic cyc-
lization-[3+2] cycloaddition-rearrangement reaction
of 2-alkynylbenzaldoximes with DMAD in the pres-
ence of bromine was developed as well.[6a] We noticed
that during the reaction process, the 2-alkynylbenzal-
doxime could easily transfer to the isoquinoline N-
oxide in the presence of suitable Lewis acids or elec-
trophiles (Scheme 1).[6a,b,13] Prompted by these results
and the advancement of isocyanide chemistry,[14] we
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conceived that isocyanides might be a good partner in
the tandem reaction of 2-alkynylbenzaldoximes. Thus,
we started to explore the possibility of this transfor-
mation.

Results and Discussion

As described above,[13] in the presence of a Lewis acid
isoquinoline N-oxides could be easily obtained via
electrophilic cyclization of 2-alk ACHTUNGTRENNUNGynylbenzaldoximes. In
order to simplify the tandem reaction process of 2-al-
kynylbenzaldoximes with isocyanide, initially the re-
action of isoquinoline N-oxide 2a with 4-methoxy-
phenyl isocyanide 3a was performed. This reaction oc-
curred in toluene at room temperature to generate an
unexpected product in 10% yield (Table 1, entry 1).
Structural identification revealed that the compound
obtained was the unexpected N-(isoquinolin-1-yl)-

ACHTUNGTRENNUNGformamide 4a. Addition of zinc triflate as catalyst
dramatically improved the yield of the product (68%
yield, Table 1, entry 2). Further screening of solvents
demonstrated that 1,4-dioxane was the best choice for
this transformation (72% yield, Table 1, entry 6). Dif-
ferent Lewis acids were examined as catalyst subse-
quently. The yield increased to 83% when bismuth tri-
flate was utilized in the reaction (Table 1, entry 9).
Moreover, the reaction time was shortened to 12 h
under these conditions. Inferior results were displayed
when other Lewis acids were employed in the reac-
tion. For example, only a 20% yield of product 4a was
isolated when silver triflate was used as catalyst
(Table 1, entry 11). Similar yields were afforded when
the catalytic amount of bismuth triflate was reduced
to 1–5 mol% (Table 1, entries 13–15). Different
Brønsted acid catalysts (10 mol%) were examined as
well (data not shown in Table 1). No reaction oc-
curred or only a trace amount of product 4a was de-
tected in the presence of TsOH, TfOH, HOAc, or
HCl. The desired product 4a could be isolated with
31% yield when the reaction was co-catalyzed by
TsOH (10 mol%) and Bi ACHTUNGTRENNUNG(OTf)3 (2 mol%). However,
no desired product was generated when the reaction
was performed in the presence of Bi ACHTUNGTRENNUNG(OTf)3 (2 mol%)
with other acids (TfOH, HOAc, HCl). With this
promising result in hands, we started to investigate
the one-pot tandem reaction of 2-alkynylbenzaldox-

Scheme 1. Electrophile-mediated or Lewis acid-catalyzed
cyclization of 2-alkynylbenzaldoxime 1.

Table 1. Screening conditions for the reaction of isoquinoline N-oxide 2a with isocyanide 3a.

Entry Lewis acid Solvent Time [h] Yield [%][a]

1 nono toluene 48 10
2 ZnACHTUNGTRENNUNG(OTf)2 toluene 60 68
3 ZnACHTUNGTRENNUNG(OTf)2 DCE 60 56
4 ZnACHTUNGTRENNUNG(OTf)2 THF 60 NR
5 ZnACHTUNGTRENNUNG(OTf)2 DMF 60 NR
6 ZnACHTUNGTRENNUNG(OTf)2 1,4-dioxane 60 72
7 ZnACHTUNGTRENNUNG(OTf)2 NMP 60 61
8 CuACHTUNGTRENNUNG(OTf)2 1,4-dioxane 60 71
9 Bi ACHTUNGTRENNUNG(OTf)3 1,4-dioxane 12 83
10 Sc ACHTUNGTRENNUNG(OTf)3 1,4-dioxane 60 61
11 AgOTf 1,4-dioxane 60 20
12 YbACHTUNGTRENNUNG(OTf)3 1,4-dioxane 60 74
13[b] Bi ACHTUNGTRENNUNG(OTf)3 1,4-dioxane 12 84
14[c] Bi ACHTUNGTRENNUNG(OTf)3 1,4-dioxane 18 86
15[d] Bi ACHTUNGTRENNUNG(OTf)3 1,4-dioxane 24 83

[a] Isolated yield based on isoquinoline N-oxide 2a.
[b] In the presence of 5 mol% of Bi ACHTUNGTRENNUNG(OTf)3.
[c] In the presence of 2 mol% of Bi ACHTUNGTRENNUNG(OTf)3.
[d] In the presence of 1 mol% of Bi ACHTUNGTRENNUNG(OTf)3.
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ime 1a with 4-methoxyphenyl isocyanide 3a. Since bis-
muth triflate was not effective for the transformation
of 2-alkynylbenzaldoxime 1a and silver triflate was
the best one for the generation of isoquinoline N-
oxide 2a, the combination of silver triflate and bis-
muth triflate was tested in the reaction 2-alkynylben-
zaldoxime 1a with 4-methoxyphenyl isocyanide 3a. To
our delight, a 94% yield of compound 4a was ob-
tained when the reaction occurred in the presence of
silver triflate (5 mol%) and bismuth triflate (2 mol%)
in 1,4-dioxane at room temperature. Although the
first step of the reaction has already been known,[6b]

this tandem reaction via a concomitant process pro-
vided an efficient way for diversity and complexity
generation starting from easily accessible materials.
For this tandem reaction, we reasoned that 2-alkynyl-
benzaldoxime 1 was converted to isoquinoline N-
oxide 2 firstly. The subsequent nucleophilic addition
of isocyanide to isoquinoline N-oxide 2 would afford
intermediate A, which then underwent intramolecular
cyclization to generate the intermediate B. After rear-
rangement, N-(isoquinolin-1-yl)formamide 4 would be
formed (Scheme 2).

The scope of this transformation was then explored
under the optimized conditions [silver triflate
(5 mol%), bismuth triflate (2 mol%), 1,4-dioxane,
room temperature], and the results are summarized
in Table 2. For all cases, this multicatalytic tandem re-
action proceeded smoothly leading to the correspond-
ing products 4 in good to excellent yields. With re-
spect to 2-alkynylbenzaldoximes, the expected N-(iso-
quinolin-1-yl)formamides resulting from 4-methoxy-
phenyl isocyanide 3a were obtained in good yields
(Table 1, entries 1–6). For instance, 4-methoxyphenyl
isocyanide 3a reacted with 2-alkynylbenzaldoxime 1b
or 1c giving rise to the desired product 4b or 4c in

65% and 67% yields, respectively (Table 2, entries 2
and 3). The conditions have proven to be useful for
other aryl isocyanides as well. For example, an excel-
lent yield was observed in the reaction of 4-methyl-
phenyl isocyanide 3c with 2-alkynylbenzaldoxime 1a
or 1e (Table 2, entries 9 and 12). Alkyl isocyanides
are also suitable partners in this process. As expected,
an almost quantitative yield of compound 4m was iso-
lated for the reaction of 2-alkynylbenzaldoxime 1a
with tert-butyl isocycanide 3d (Table 2, entry 13). Re-
action of cyclohexyl isocyanide 3e with 2-alkynylben-
zaldoxime 1a or 1e worked well to generate the de-
sired N-(isoquinolin-1-yl)formamide in good yield
(Table 2, entries 17 and 18). 2-Alkynylbenzaldoxime
1a reacted with 1-octyl isocyanide 3f leading to the
desired product 4s in 82% yield (Table 1, entry 19).

The electrophile involved cascade reactions of 2-
alk ACHTUNGTRENNUNGynylbenzaldoximes 1 with isocyanides 3 were in-
vestigated subsequently [Scheme 3, Eq. (1)]. Iodo-
containing N-(isoquinolin-1-yl)formamide 5a was iso-
lated in 96% yield in the reaction of 2-alkynylbenzal-
doxime 1a with 4-methoxyphenyl isocyanide 3a. The
structure of 5a was verified by X-ray diffraction anal-
ysis meanwhile (Figure 1). A similar result was ob-
tained when 4-methylphenyl isocyanide 3c was uti-
lized as a replacement. Fluoro-substituted 2-alkynyl-
benzaldoxime 1e with 4-methoxyphenyl isocyanide 3a
gave rise to the expected product 5c in 93% yield.
Bromine also showed efficiency in the reaction of 2-
alkynylbenzaldoxime 1a with 1-octyl isocyanide 3f,
which generated the expected product 5d in 87%
yield [Scheme 3, Eq. (2)]. However, NBS was not a
good partner in this transformation (data not shown
in Scheme 3).

In conclusion, we have described efficient tandem
reactions of 2-alkynylbenzaldoximes with isocyanides

Scheme 2. Possible mechanism for the tandem reactions of 2-alkynylbenzaldoximes 1 with isocyanides 3.
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co-catalyzed by silver triflate and bismuth triflate.
The N-(isoquinolin-1-yl)formamides were generated
in good to excellent yields. The iodo- or bromo-con-

taining products could be obtained as well by varia-
tion of the reaction conditions, which might undergo
further elaboration via known palladium chemistry.

Table 2. Tandem reactions of 2-alkynylbenzaldoximes 1 with isocyanides 3 co-catalyzed by silver triflate and bismuth triflate.

Entry R1/R2 R3 Yield [%][a]

1 H/C6H5 (1a) 4-MeOC6H4 (3a) 94 (4a)
2 5-F/n-Bu (1b) 4-MeOC6H4 (3a) 65 (4b)
3 5-F/cyclopropyl (1c) 4-MeOC6H4 (3a) 67 (4c)
4 H/cyclopropyl (1d) 4-MeOC6H4 (3a) 54 (4d)
5 5-F/C6H5 (1e) 4-MeOC6H4 (3a) 87 (4e)
6 5-F/4-MeOC6H5 (1f) 4-MeOC6H4 (3a) 62 (4f)
7 H/C6H5 (1a) 4-Et2NC6H4 (3b) 83 (4g)
8 5-F/C6H5 (1e) 4-Et2NC6H4 (3b) 75 (4h)
9 H/C6H5 (1a) 4-MeC6H4 (3c) 97 (4i)
10 5-F/cyclopropyl (1c) 4-MeC6H4 (3c) 75 (4j)
11 H/cyclopropyl (1d) 4-MeC6H4 (3c) 50 (4k)
12 5-F/C6H5 (1e) 4-MeC6H4 (3c) 98 (4l)
13 H/C6H5 (1a) t-Bu (3d) 99 (4m)
14 5-F/cyclopropyl (1c) t-Bu (3d) 72 (4n)
15 H/cyclopropyl (1d) t-Bu (3d) 84 (4o)
16 5-F/C6H5 (1e) t-Bu (3d) 94 (4p)
17 H/C6H5 (1a) cyclohexyl (3e) 85 (4q)
18 5-F/C6H5 (1e) cyclohexyl (3e) 84 (4r)
19 H/C6H5 (1a) n-octyl (3f) 82 (4s)

[a] Isolated yield based on 2-alkynylbenzaldoxime 1.

Scheme 3. Iodine- or bromine-mediated sequential reactions of 2-alkynylbenzaldoximes 1 with isocyanides 3.
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Small library construction as well as biological screen-
ing of these small molecules is ongoing, and the re-
sults will be reported in due course.

Experimental Section

General Procedure for Tandem Reactions of 2-
Alkynylbenzaldoximes 1 with Isocyanides 3 Co-
Catalyzed by Silver Triflate and Bismuth Triflate

A mixture of 2-alkynylbenzaldoxime 1 (0.2 mmol) and silver
triflate (5 mol%) in anhydrous 1,4-dioxane (2.0 mL) was
heated to 70 8C for 1 hour. Then the solution was cooled to
room temperature. Bismuth triflate (2 mol%) and isocya-
nide 2 (0.3 mmol, 1.5 equiv.) in 1,4-dioxane (0.1 mL) were
added subsequently and the mixture was stirred at 30 8C.
After completion of the reaction as indicated by TLC, the
solvent was removed under reduced pressure and the resi-
due was purified on silica gel provided the corresponding
product 4.

Data of a selected example: N-(4-methoxyphenyl)-N-(3-
phenylisoquinolin-1-yl)formamide (4a): 94% yield; 1H NMR
(400 MHz, CDCl3): d= 3.77 (s, 3 H), 6.88 (d, J=3.2 Hz, 2 H),
7.33–7.55 (m, 6 H), 7.58–7.81 (m, 2 H), 7.89 (d, J= 8.24 Hz,
1 H), 8.10–8.16 (m, 3 H), 9.05 (s, 1 H); 13C NMR (100 MHz,
CDCl3): d= 55.4, 114.4, 116.6, 122.9, 125.0, 126.3, 126.8,
127.6, 127.8, 128.8, 128.9, 130.7, 132.5, 138.1, 139.6, 149.4,
151.4, 157.9, 163.0; HR-MS: m/z =355.1436, calcd. for
C23H18N2O2

+ [M+ H]+: 355.1447; elem. anal. calcd. for

C23H18N2O2: C 77.95, H 5.12, N 7.90; found: C 77.91, H 5.36,
N 7.78.

General Procedure for Iodine- or Bromine-Mediated
Sequential Reactions of 2-Alkynylbenzaldoximes 1
with Isocyanides 3

A mixture of 2-alkynylbenzaldoxime 1 (0.2 mmol) and
iodine or bromine (0.2 mmol, 1.0 equiv.) in anhydrous 1,4-di-
oxane (2.0 mL) was stirred at room temperature under air
atmosphere for about 24 h, until 2-alkynylbenzaldoxime 1
was completely consumed. The reaction solution was diluted
with ethyl acetate (10 mL), washed with 0.65 M Na2S2O3 so-
lution (10 mL � 3). The combined organic layer was washed
with saturated brine, dried over Na2SO4, and concentrated
under vacuum to afford a crude product. Anhydrous 1,4-di-
oxane (2.0 mL) was added to the crude product subsequent-
ly, to which was then added a mixture of bismuth triflate
(2 mol%) and isocyanide 3 (0.3 mmol, 1.5 equiv.) in 1,4-di-
oxane (0.1 mL) at 30 8C. After completion of the reaction as
indicated by TLC, the solvent was removed under reduced
pressure and the residue was purified on silica gel provided
the corresponding product 5.

Data of a selected example: N-(4-iodo-3-phenylisoquino-
lin-1-yl)-N-(4-methoxyphenyl)formamide (5a): 96% yield;
1H NMR (400 MHz, CDCl3): d=3.78 (s, 3 H), 6.86–6.90 (m,
2 H), 7.30 (d, J=8.7 Hz, 2 H), 7.42–7.52 (m, 4 H), 7.61–7.86
(m, 4 H), 8.30 (d, J=8.2 Hz, 1 H), 8.94 (s, 1 H); 13C NMR
(100 MHz, CDCl3): d=56.0, 115.1, 126.0, 126.7, 126.8, 126.9,
128.5, 129.1, 129.2, 129.4, 129.5, 130.6, 133.0, 133.7, 141.5,
143.2, 152.1, 158.6, 163.2; HR-MS: m/z =481.0422, calcd. for
C23H17IN2O2

+ [M+H]+: 481.0413; elem. anal. calcd. for
C23H17IN2O2: C 57.52, H 3.57, N 5.83; found: C 57.39, H
3.66, N 5.71 (for details, please see Supporting Information)

CCDC 745747 contains the supplementary crystallograph-
ic data for compound 5a of this paper. These data can be
obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/
cif or on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK [fax.: (internat.) + 44 1223/336–033; e-mail:
deposit@ccdc.cam.ac.uk].
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