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Abstract: Electrophilic cyclization of 2-alkynylbenz-
ACHTUNGTRENNUNGaldoximes with various electrophiles leads to the for-
mation of 4-iodoisoquinoline N-oxides or 4-bromo-
ACHTUNGTRENNUNGisoquinoline N-oxides under mild conditions. The re-
action can be transferred to highly functionalized

isoquinoline N-oxides via palladium-catalyzed cross-
coupling reactions.
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Introduction

The increasing significance of combinatorial chemistry
in pharmaceutical and material sciences demands the
development of new strategies to synthesize a collec-
tion of analogues of interesting compounds.[1] As a
privileged fragment, the isoquinoline core is a ubiqui-
tous subunit in many alkaloids with remarkable bio-
logical activities.[2] Among these, isoquinoline N-oxide
is an important class of isoquinoline derivatives.
Moreover, they are also valuable Lewis basic organo-
catalysis in organic synthesis.[3] In addition, applica-
tions of these molecules have been discovered in ma-
terials science due to their interesting optochemical/
physical properties, such as charge-transfer and metal
(Li+/Mg2+) sensor effects and use as a radical initiator
for atom-transfer radical polymerizations.[4] The im-
portance of isoquinoline N-oxides has stimulated the
development of a number of approaches for the syn-
thesis of the isoquinoline N-oxide ring system.[5,6]

However, most of them are still conducted by oxida-
tion of parent nitrogen heterocycles and the diversity
could not be easily introduced in the scaffold. Thus, it
is highly desired to develop efficient and general syn-
thetic methods for access to functionalized isoquino-
line N-oxides in order to build up these molecules in
a combinatorial format.
The electrophilic annulation of alkynes has proven

to be extremely effective for the synthesis of a wide

variety of carbocycles and heterocycles.[7] Recently,
we found that o-alkynylbenzaldehyde was a versatile
building block in multicomponent reactions for con-
struction of the 1,2-dihydroisoquinoline skeleton.[8] In
the reaction process, a 2-(1-alkynyl)arylaldimine[9,10]

was believed to be the key intermediate for further
transformation. Prompted by these results, we envi-
sioned that 2-alkynylbenzaldoximes could be also uti-
lized as starting material for synthesis of N-heterocy-
cles due to the structural similarity with 2-(1-alkyn-
ACHTUNGTRENNUNGyl)arylaldimines. Herein, we report a highly efficient
and general method for the generation of functional-
ized isoquinoline N-oxides via sequential electrophilic
cyclization/cross-coupling reactions of 2-alkynylbenz-
ACHTUNGTRENNUNGaldoximes under mild conditions.

Results and Discussion

As mentioned above, the electrophilic cyclization of
heteroatomic nucleophiles such as oxygen, nitrogen,
sulfur, and phosphorus species with tethered alkynes
has proven to be an effective method for preparing a
large variety of heterocyclic ring systems.[11] The elec-
trophiles such as iodine, bromine, ICl, and NBS were
commonly used in the reaction since the resulting
iodo- or bromo-containing products are readily elabo-
rated to more complex products by using known orga-
nopalladium chemistry. In preliminary studies, we in-
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vestigated the electrophilic cyclization between the 2-
alkynylbenzaldehyde oxime 1a and iodine and found
that the reaction took place in the presence of di-
chloromethane as solvent at room temperature
(Scheme 1). This reaction was highly effective and the

desired product 2a was generated in 92% yield after
24 h. The structure of 2a was verified by 1H and
13C NMR, mass spectroscopy, as well as X-ray diffrac-
tion analysis (Figure 1, for details, see Supporting In-
formation). Other solvents were also screened, which
revealed that dichloromethane was the best choice.

With this result in hand, the scope of this reaction
was then investigated, and the results are summarized
in Table 1. From Table 1, we found that the conditions
have proven to be useful for a range of 2-alkynylben-
zaldehyde oxime 1 and electrophiles. For instance, re-
action of 2-alkynylbenzaldehyde oxime 1a and ICl
was finished in 10 min and the expected product 2a
was obtained in 93% yield (Table 1, entry 2). An
almost quantitative yield of product 2b was obtained
when bromine was utilized as reactant (Table 1,
entry 4: 99% yield). A slightly lower yield was ob-
served when NBS was used as replacement (Table 1,
entry 5: 75% yield). Other 2-alkynylbenzaldehyde
oximes were also employed in the reaction of iodine
or bromine. 2-Alkynylbenzaldehyde oxime 1b reacted
with iodine leading to the formation of isoquinoline-
N-oxide 2c in 88% yield (Table 1, entry 6), while a
25% yield of product 2d was generated when iodine
was replaced by bromine (Table 1, entry 7). This may
presumably be due to the high reactivity of substrate

1b in the reaction of bromine since many by-products
were observed during the reaction process. The yield
could be increased to 45% when the reaction was per-
formed at �10 8C (data not shown in Table 1). Reac-
tion of fluoro-substituted 2-alkynylbenzaldehyde
oxime 1c with iodine or bromine gave rise to the cor-
responding product 2e or 2f in 92% and 99% yields,
respectively (Table 1, entries 8 and 9). When phenyl
group attached on the triple bond was changed to a 4-
meth ACHTUNGTRENNUNGoxyphenyl group, the reactions also proceeded

Scheme 1. Electrophilic cyclization of 2-alkynylbenzaldox-
ime 1a with iodine in different solvents.

Figure 1. ORTEP diagram of 4-iodoisoquinoline N-oxide 2a.

Table 1. Electrophilic cyclization of 2-alkynylbenzaldoxime
with various electrophiles.

Entry Alkynylbenzaldehyde
oxime 1

Electro-
phile

Product
2 (X)

Yield
[%][a]

1

1a

I2 2a (I) 92
2 ICl 2a (I) 93
3 NIS 2a (I) 32
4 Br2 2b (Br) 99
5 NBS 2b (Br) 75

6

1b

I2 2c (I) 88
7 Br2 2d (Br) 25

8

1c

I2 2e (I) 92
9 Br2 2f (Br) 99

10

1d

I2 2g (I) 91
11 Br2 2h (Br) 99

12

1e

I2 2i (I) 89
13 Br2 2j (Br) 94

14 1f Br2 2k (Br) 90

15 1g Br2 2l (Br) 85

16

1h

I2 2m (I) 90
17 Br2 2n (Br) 94

18 1i Br2 2o (Br) 64

[a] Isolated yield based on 2-alkynylbenzaldoxime 1.
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smoothly to furnish the desired product in excellent
yields (Table 1, entries 10–14). 2-Alkynylbenzalde-
hyde oximes 1g and 1h were also examined and simi-
lar results were observed for reactions of iodine or
bromine (Table 1, entries 15–17). Interestingly, it was
found that a hydroxy group as substituent in the sub-
strate 1i was well tolerated under these conditions
and the 4-bromoisoquinoline N-oxide 2o could be iso-
lated in 64% yield (Table 1, entry 18).
After the successful generation of 4-bromo- or 4-io-

doisoquinoline N-oxide 2, we considered to introduce
more diversity into the isoquinoline N-oxide scaffold
via palladium-catalyzed cross-coupling reactions.
Thus, 4-bromoisoquinoline N-oxide 2b or 2n was re-
acted with sodium tetraphenylborate to give the de-
sired 3,4-disubstituted isoquinoline N-oxide 3a or 3b
in 93% or 83% yield, respectively [Scheme 2, Eq.
(1)]. Similarly, the reaction of 4-bromoisoquinoline
N-oxide 2b with phenylboronic acid furnished the ex-
pected product 3a in 99% yield [Scheme 2, Eq. (2)].
Isoquinoline N-oxide 2j reacted smoothly with 4-
methylphenylboronic acid leading to the correspond-
ing product 3c in 78% yield [Scheme 2 Eq. (3)].
Fluoro-substituted isoquinoline N-oxide 2f was also a
good partner in the cross-coupling reaction with 4-
methylphenylboronic acid. As expected, the corre-
sponding 3,4-disubstituted isoquinoline N-oxide 3d
was generated in 95% yield [Scheme 2, Eq. (4)].
The Sonogashira coupling reactions of 4-iodoisoqui-

noline N-oxide 2 with 4-methoxyphenylacetylene
were also examined (Scheme 3). Under standard con-
ditions, the coupling reactions proceeded well to gen-
erate the desired product 4 in moderate to good yield.

Conclusions

In summary, we have described a novel and efficient
method for the synthesis of highly functionalized iso-
quinoline N-oxides via sequential electrophilc cycliza-
tion/cross-coupling reactions of 2-alkynylbenzaldox-
imes. Application of 2-alkynylbenzaldoximes in other
transformations is currently under investigation, and
the results will be reported in due course.

Experimental Section

General Procedure for Preparation of 2-Alkynylbenz-
aldoxime 1[12]

A solution of 2-alkynylbenzaldehyde (3.0 mmol), hydroxyl-
ACHTUNGTRENNUNGamine hydrochloride (6 mmol, 2.0 equiv.), pyridine

Scheme 2. Synthesis of 3,4-disubstituted isoquinoline N-oxides via palladium-catalyzed Suzuki–Miyaura reactions.

Scheme 3. Synthesis of 3,4-disubstituted isoquinoline N-
oxides via palladium-catalyzed Sonogashira coupling.
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(6.0 mmol, 2.0 equiv.) in C2H5OH (15 mL) was stirred under
refluxed for 2 h. After completion of reaction as indicated
by TLC, the solvent was evaporated and the reaction resi-
due then quenched with water (10 mL), extracted with
EtOAc (2P30 mL), dried by anhydrous Na2SO4. Evapora-
tion of the solvent followed by purification on silica gel pro-
vided the corresponding 2-alkynylbenzaldoxime 1.

General Procedure for Electrophilic Cyclization of 2-
Alkynylbenzldoxime 1 with Various Electrophiles

The electrophile (1.2 equiv.) in 2 mL of CH2Cl2 was added
dropwise to a solution of 2-alkynylbenzaldoxime
(0.30 mmol) in 4 mL of CH2Cl2. The reaction mixture was
stirred at room temperature for a period of time (10 min:
Br2, ICl, or NIS; 24 h: NBS and I2). The reaction mixture
was then diluted with CH2Cl2 (50 mL), washed with saturat-
ed aqueous Na2S2O3 (25 mL), dried (Na2SO4) and filtered.
The solvent was evaporated under reduced pressure and the
product 2 was isolated by chromatography on a silica gel
column.

Data of a selected example: 4-iodo-3-phenylisoquinoline
N-oxide 2a : 1H NMR (400 MHz, CDCl3): d=7.38 (d, J=
6.8 Hz, 2H), 7.48–7.58 (m, 3H), 7.59–7.69 (m, 3H), 8.06 (d,
J=8.3 Hz, 1H), 8.85 (s, 1H); 13C NMR (100 MHz, CDCl3):
d=122.1, 124.9, 127.3, 128.5, 128.9, 129.4, 129.7, 129.8, 129.9,
133.4, 136.0, 147.7; MS (ESI): m/z=348 (M+ +H); elemental
analysis calcd. (%) for C15H10INO: C 51.90, H 2.90, N 4.03;
found: C 51.64, H 2.88, N 3.98.

General Procedure for Synthesis of 3,4-Disubstituted
Isoquinoline N-Oxide 3 via Palladium-Catalyzed
Suzuki–Miyaura Reaction

A solution of 4-bromoisoquinoline N-oxide 2 (0.30 mmol),
sodium tetraphenylborate (0.15 mmol, 0.5 equiv.) or arylbor-
onic acid (0.45 mmol, 1.5 equiv.), palladium catalyst (5
mol%), base (1.2 mmol, 4.0 equiv.) in DMF/H2O (2.0 mL)
was stirred at 80 8C under N2 for 24 h. After completion of
reaction as indicated by TLC, the solvent was evaporated
and the residue quenched with water (10 mL), extracted
with EtOAc (2P10 mL), and dried by anhydrous Na2SO4.
Evaporation of the solvent followed by purification on silica
gel provided the corresponding 3,4-disubstituted isoquino-
line N-oxide 3.

Data of a selected example: 3,4-diphenylisoquinoline N-
oxide 3a : 1H NMR (400 MHz, CDCl3): d=7.07–7.10 (m,
2H), 7.19–7.28 (m, 5H), 7.34–7.46 (m, 3H), 7.50 (dt, J=1.5,
6.8 Hz, 1H), 7.60 (t, J=6.8 Hz, 1H), 7.77 (d, J=8.3 Hz,
1H), 7.96 (t, J=6.8 Hz, 1H), 9.08 (s, 1H); 13C NMR
(100 MHz, CDCl3): d=124.9, 126.2, 127.7, 127.8, 128.0,
128.3, 128.6, 129.0, 129.1, 129.7, 130.3, 130.7, 131.9, 134.7,
136.5, 137.0, 146.0; MS (ESI): m/z=298 (M+ +H); HR-MS:
m/z=298.1221, calcd. for C21H16NO (M

+ +H): 298.1232.

General Procedure for Synthesis of 3,4-Disubstituted
Isoquinoline N-Oxides 4 via Palladium-Catalyzed
Sonogashira Reaction

A solution of 4-iodoisoquinoline N-oxide 2 (0.30 mmol), 4-
methoxyphenylacetylene (0.45 mmol, 1.5 equiv.), PdCl2
ACHTUNGTRENNUNG(PPh3)2 (3 mol%), CuI (3 mol%) in Et3N (2.0 mL) was

stirred at 80 8C under N2 for 24 h. After completion of reac-
tion as indicated by TLC, the solvent was evaporated and
the residue quenched with water (10 mL), extracted with
EtOAc (2P10 mL), dried by anhydrous Na2SO4. Evapora-
tion of the solvent followed by purification on silica gel pro-
vided the corresponding 3,4-disubstituted isoquinoline N-
oxide 4.

Data of a selected example: 4-[2-(4-ethoxyphenyl)ethynyl]-
3-phenylisoquinoline N-oxide 4a : 1H NMR (400 MHz,
CDCl3): d=3.81 (s, 3H), 6.83 (d, J=8.8 Hz, 2H), 7.22 (d,
J=8.8 Hz, 2H), 7.48–7.57 (m, 3H), 7.61–7.75 (m, 5H), 8.30
(d, J=8.8 Hz, 1H), 8.87 (s, 1H); 13C NMR (100 MHz,
CDCl3): d=55.3, 82.2, 101.4, 114.1, 120.0, 124.7, 125.9, 127.9,
128.5, 129.2, 129.3, 129.4, 130.6, 132.2, 133.2, 136.3, 148.9,
160.4; MS (ESI): m/z=352 (M+ +H); HR-MS: m/z=
352.1339, calcd. for C24H18NO2 (M

+ +H): 352.1338. (For de-
tails, please see Supporting Information.)
CCDC 690391 contains the supplementary crystallograph-

ic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.

Supporting Information

Experimental procedures, characterization data, as well as
copies of 1H and 13C NMR of all compounds are available as
Supporting Information.
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Kotora, Adv. Synth. Catal. 2007, 349, 822.

[4] a) D. Collado, E. Perez-Inestrosa, R. Suau, J. Org.
Chem. 2003, 68, 3574; b) D. Collado, E. Perez-Inestro-
sa, R. Suau, J.-P. Desvergne, H. Bouas-Laurent, Org.
Lett. 2002, 4, 855; c) D. Collado, E. Perez-Inestrosa, R.

Adv. Synth. Catal. 2008, 350, 1850 – 1854 H 2008 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim asc.wiley-vch.de 1853

FULL PAPERSAccess to Functionalized Isoquinoline N-Oxides

http://asc.wiley-vch.de


Suau, J. T. L. Navarrete, Tetrahedron 2006, 62, 2927;
d) Y. Y. Durmaz, G. Yilmaz, Y. Yagci, J. Polym. Sci.,
Part A.: Polym. Chem. 2007, 45, 423.

[5] For catalytic oxidation of isoquinolines using H2O2 as
stoichiometric oxidant, see: a) C. CopUret, H. Adolfs-
son, J. P. Chiang, A. K. Yudin, K. Sharpless, J. Org.
Chem. 1998, 63, 1740; b) M. R. Prasad, G. Kamalakar,
G. Madhavi, S. J. Kulkarni, K. V. Raghavan, Chem.
Commun. 2000, 1577.

[6] a) H.-S. Yeom, S. Kim, S. Shin, Synlett 2008, 924; b) T.
Sakamoto, Y. Kondo, N. Miura, K. Hayashi, H. Yama-
naka, Heterocycles 1986, 24, 2311.

[7] For selected examples, see: a) R. C. Larock, in: Acety-
lene Chemistry, (Eds.: F. Diederich, P. J. Stang, R. R.
Tykwinski), Wiley-VCH, Weinheim, 2005, pp 51–99;
b) F. Alonso, I. P. Beletskaya, M. Yus, Chem. Rev. 2004,
104, 3079; c) G. Zeni, R. C. Larock, Chem. Rev. 2006,
106, 4644.

[8] For selected examples, see: a) Q. Ding, J. Wu, Org.
Lett. 2007, 9, 4959; b) K. Gao, J. Wu, J. Org. Chem.
2007, 72, 8611; c) W. Sun, Q. Ding, X. Sun, R. Fan, J.
Wu, J. Comb. Chem. 2007, 9, 690; d) Y. Ye, Q. Ding, J.
Wu, Tetrahedron 2008, 64, 1378.

[9] a) S. Obika, H. Kono, Y. Yasui, R. Yanada, Y. Takemo-
to, J. Org. Chem. 2007, 72, 4462, and references cited
therein; b) N. Asao, S. Yudha S. , T. Nogami, Y. Yama-
moto, Angew. Chem. 2005, 117, 5662; Angew. Chem.
Int. Ed. 2005, 44, 5526; c) R. Yanada, S. Obika, H.
Kono, Y. Takemoto, Angew. Chem. 2006, 118, 3906;
Angew. Chem. Int. Ed. 2006, 45, 3822; d) N. Asao, K.
Iso, S. Yudha, Org. Lett. 2006, 8, 4149; e) N. Asao, C. S.
Chan, K. Takahashi, Y. Yamamoto, Tetrahedron 2005,
61, 11322; f) M. Ohtaka, H. Nakamura, Y. Yamamoto,
Tetrahedron Lett. 2004, 45, 7339; g) B. Witulski, C.
Alayrac, L. Tevzadze-Saeftel, Angew. Chem. 2003, 115,
4392; Angew. Chem. Int. Ed. 2003, 42, 4257; h) I.
Yavari, M. Ghazanfarpour-Darjani, M. Sabbaghan, Z.
Hossaini, Tetrahedron Lett. 2007, 48, 3749; i) A. Shaa-

bani, E. Soleimani, H. R. Khavasi, Tetrahedron Lett.
2007, 48, 4743; j) G.-W. Wang, J.-X. Li, Org. Biomol.
Chem. 2006, 4, 4063; k) J. L. Diaz, M. Miguel, R. Lavil-
la, J. Org. Chem. 2004, 69, 3550.

[10] a) Q. Huang, R. C. Larock, J. Org. Chem. 2003, 68, 980;
b) G. Dai, R. C. Larock, J. Org. Chem. 2003, 68, 920;
c) G. Dai, R. C. Larock, J. Org. Chem. 2002, 67, 7042;
d) Q. Huang, J. A. Hunter, R. C. Larock, J. Org. Chem.
2002, 67, 3437; e) K. R. Roesch, R. C. Larock, J. Org.
Chem. 2002, 67, 86; f) K. R. Roesch, H. Zhang, R. C.
Larock, J. Org. Chem. 2001, 66, 8042; g) K. R. Roesch,
R. C. Larock, Org. Lett. 1999, 1, 553.

[11] For selected examples, see: a) H.-P. Bi, L.-N. Guo, X.-
H. Duan, F.-R. Gou, S.-H. Huang, X.-Y. Liu, Y.-M.
Liang, Org. Lett. 2007, 9, 397; b) A. Sniady, K. A.
Wheeler, R. Dembinski, Org. Lett. 2005, 7, 1769; c) Y.-
H. Liu, F.-J. Song, L. Q. Cong, J. Org. Chem. 2005, 70,
6999; d) A. Y. Peng, Y. X. Ding, Org. Lett. 2004, 6,
1119; e) D. Yue, T. Yao, R. C. Larock, J. Org. Chem.
2005, 70, 10292; f) B. L. Flynn, P. Verdier-Pinard, E.
Hamel, Org. Lett. 2001, 3, 651; g) D. Yue, R. C. Larock,
J. Org. Chem. 2002, 67, 1905; h) K. O. Hessian, B. L.
Flynn, Org. Lett. 2003, 5, 4377; i) A. Arcadi, S. Cacchi,
S. D. Giuseppe, G. Fabrizi, F. Marinelli, Org. Lett. 2002,
4, 2409; j) Q. Huang, J. A. Hunter, R. C. Larock, J.
Org. Chem. 2002, 67, 3437; k) T. Yao, R. C. Larock, J.
Org. Chem. 2003, 68, 5936; l) T. Yao, M. A. Campo,
R. C. Larock, Org. Lett. 2004, 6, 2677; m) D. Yue, C. N.
Della, R. C. Larock, Org. Lett. 2004, 6, 1581; n) T. Yao,
R. C. Larock, J. Org. Chem. 2005, 70, 1432; o) J. Bar-
luenga, M. Trincado, M. Marco-Arias, A. Ballesteros,
E. Rubio, J. M. Gonzalez, Chem. Commun. 2005, 2008;
p) D. Fischer, H. Tomeba, N. K. Pahadi, N. T. Patil, Y.
Yamamoto Angew. Chem. 2007, 119, 4848; Angew.
Chem. Int. Ed. 2007, 46, 4764; q) Y.-X. Xie, X.-Y. Liu,
L.-Y. Wu Y. Han, L.-B. Zhao, M.-J. Fan, Y.-M. Liang
Eur. J. Org. Chem. 2008, 1013.

[12] S. H. Yang, S. Chang, Org. Lett. 2001, 3, 4209.

1854 asc.wiley-vch.de H 2008 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim Adv. Synth. Catal. 2008, 350, 1850 – 1854

FULL PAPERS Qiuping Ding and Jie Wu

http://asc.wiley-vch.de

