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Abstract We describe a novel, simple, robust, and efficient cycliza-
tion/deoxygenation approach for the synthesis of functionalized iso-
quinoline derivatives. Over the course of continued studies on o-alkyn-
ylbenzaldoxime cyclization reactions, the formation of cyclic nitrones
through 6-endo-dig cyclization was achieved using silver triflate or bro-
mine as an electrophile, and subsequently, the deoxygenation process
was carried out in the presence of CS2 in good to high yields.

Key words 2-alkynylbenzaldoxime, cyclization/deoxygenation, iso-
quinoline, silver triflate, bromine, carbon disulfide

In recent years, oxygen-atom-transfer reactions of het-

eroaromatic N-oxides have received much attention in

modern chemistry due to their great potential in the syn-

thesis of natural products, bioactive molecules, and appli-

cations in industrial processes.1 As illustrated in Figure 1,

deoxygenation of heteroaromatic N-oxides is the key step

for the synthesis of a number of bioactive molecules such as

p38 MAP kinase,2 thrombin,3 tyrosine kinase, and sodium

channel4 inhibitors.

Various procedures and conditions have been reported

for the reduction of N-heteroarene N-oxides such as photo-

catalytic reactions,5 electrochemical reactions,6 sulfur

sources,7 trivalent phosphorus compounds,8 hydride re-

agents,9 and metal-catalyzed10 reactions. Nevertheless,

some of these processes have serious disadvantages such as

utilizing expensive and complex metal catalysts and re-

agents, high reaction temperature, low yields, harsh reac-

tion conditions, extended reaction times, and difficult

workup.11

Due to the importance and broad application of the iso-

quinoline moiety in medicinal chemistry and materials sci-

ence, numerous approaches such as the Bischler–Napierals-

ki reaction12 for the synthesis of substituted isoquinolones

have been described and deoxygenation of isoquinoline N-

oxides is an efficient way to achieve this core.11e On the oth-

er hand, the intramolecular annulation reaction of 2-alkyn-

ylbenzaldoximes with two active sites, which can be ob-

tained by simple condensation of o-alkynylbenzaldehydes

with hydroxylamine, is one of the most common methods

among various strategies to access isoquinoline N-oxides

(Scheme 1).13

Figure 1  Bioactive compounds containing deoxygenation step
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Scheme 1  Some strategies for the synthesis of isoquinolines via cy-
clization onto an alkyne

As part of our ongoing studies on the synthesis of func-

tionalized 2-alkynylbenzaldoximes and their applications

in a variety of tandem reactions,14 we wish to report a novel

and efficient method for the synthesis of isoquinolines via

deoxygenation of in situ generated isoquinoline N-oxide us-

ing carbon disulfide as a reductant under mild reaction

conditions (Scheme 2).

Scheme 2  Representative sequential cyclization–deoxygenation reac-
tions for the synthesis of isoquinoline derivatives

Initially, we investigated the cyclization–deoxygenation

reactions of o-(phenylethynyl)benzaldoxime (1a) as a mod-

el substrate in the presence of a catalytic amount of AgNO3

and CS2 in DMF at 40 °C, which afforded the desired product

2a in 33% isolated yield (Table 1, entry 1). Subsequently, the

influence of the various transition-metal catalysts on the

cyclization reaction such as AgOTf, PPh3AuCl, In(OTf)3, and

CuBr was screened, in which AgOTf (10 mol%) indicated the

best catalytic activity (Table 1, entries 1–5). Then, solvent

screening showed DMF to be the best choice (Table 1, en-

tries 5–7). Next, several reaction temperatures were exam-

ied and showed that temperature had a significant effect on

reaction yield (Table 1, entries 5 and 8–11) with a tempera-

ture of 60 °C giving the best results. Increasing the tempera-

ture up to 100 °C led to a slight decrease in the yield of the

desired product. Screening of different amounts of carbon

disulfide revealed that the 1.2 equivalents of CS2 gave the

best result (Table 1, entries 9 and 12–14).

Table 1  Optimization of Reaction Conditions for the Synthesis of 2a in 
the Presence of AgNO3 and CS2

a

With optimal reaction conditions in hand, the scope of

the reaction was surveyed. To expand the diversity of the

starting materials, a wide range of o-alkynylbenzaldoxime

derivatives containing electron-withdrawing, electron-do-

nating, and halogen groups substituted on the phenyl ring,

as well as aliphatic and aromatic alkynes was synthesized

in excellent yields. Subsequently, under optimized reaction

conditions, the annulation–deoxygenation reaction of vari-

ous substituted o-alkynylbenzaldoximes was examined and

afforded the corresponding substituted isoquinolines in

good to high yields. The observed results are shown in

Scheme 3, and all structures were confirmed by 1H and 13C

NMR and HRMS spectral analysis (see the Supporting Infor-

mation).

In the second part of the work, activation of the alkyne

moiety in the 2-alkynylbenzaldoxime skeleton was investi-

gated employing Br2 instead of a transition-metal catalyst,

and subsequent deoxygenation of isoquinoline N-oxides

was carried out in the presence of the carbon disulfide. Af-

ter some screening and trials, the best results were ob-

tained using Br2 (1.2 equiv) and NaHCO3 (1.2 equiv) in DMF

at room temperature and carbon disulfide (1.2 equiv) in

DMF at 60 °C.
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(2 mL)
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(℃)

Yield
(%)b

1 AgNO3 1.2 DMF 40 33

2 PPh3AuCl 1.2 DMF 40 29

3 In(OTf)3 1.2 DMF 40 35

4 CuBr 1.2 DMF 40 33

5 AgOTf 1.2 DMF 40 49

6 AgOTf 1.2 toluene 40 28

7 AgOTf 1.2 DCE 40 31

8 AgOTf 1.2 DMF 50 63

9 AgOTf 1.2 DMF 60 97

10 AgOTf 1.2 DMF 80 95

11 AgOTf 1.2 DMF 100 92

12 AgOTf 0.8 DMF 60 70

13 AgOTf 1 DMF 60 86

14 AgOTf 1.5 DMF 60 97

a Reaction conditions: 1a (0.2 mmol), CS2 (1.2 equiv), AgOTf (10 mol%), 
solvent (2 mL) for 6 h.
b Isolated yields.

N
OH

NMetal cat. (mol%), CS2 (equiv)

1a 2a

Solvent, Temp
SynOpen 2022, 6, 11–15



13

M. Ayoubi et al. LetterSynOpen
The generality of the approach to produce the 4-bromo-

3-alkylisoquinoline derivatives was studied under these

optimum reaction conditions. As illustrated in Scheme 4, a

wide range of substituted 4-bromo-3-alkylisoquinolines

bearing electron-donating and electron-withdrawing

groups was synthesized in good to high yields.

Scheme 4  Substrate scope for the 4-bromo-3-alkylisoquinoline skele-
tons 3a–g. Reagents and conditions: 3a–g (0.2 mmol), Br2 (1.2 equiv), 
NaHCO3 (1.2 equiv), CS2 (1.2 equiv), DMF (2 mL) for 3.5 h. In all cases, 
the reported yields are isolated yields.

According to the literature,15 the proposed reaction

mechanism is as depicted in Scheme 5. In the presence of

an electrophile, 6-endo-dig cyclization of the 2-alkynyl-

benzaldoxime by -activation of alkyne moiety leads to the

formation of the isoquinoline-N-oxides I. Then, [3+2] dipo-

lar cycloaddition of the isoquinoline N-oxide with CS2 re-

sults in intermediate II. By homolytic cleavage of N–O and

C–S bonds, the desired isoquinoline is obtained with COS

and S as byproducts, according to the literature.

Scheme 5  A plausible reaction mechanism for the synthesis of 2a–i 
and 3a–g

To confirm the radical pathway, the deoxygenation re-

action was examined by adding the TEMPO as a radical

scavenger and neither of the products was obtained. These

results demonstrate the reaction does proceed through rad-

ical deoxygenation (Scheme 6).

Scheme 6  Control experiment for the deoxygenation reaction process

In conclusion, we have opened a novel class of cycliza-

tion–deoxygenation reactions through the introduction of a

CS2 as an efficient reagent for the synthesis of isoquinoline

derivatives using 2-alkynylbenzaldoximes.16–18 Further-

more, in comparison to existing approaches in the litera-

ture, the use of cheap, commercially available carbon disul-

fide under mild reaction conditions are some advantages of

this reported work.
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Scheme 3  Substrate scope for the isoquinoline skeletons 2a–i. 
Reagents and conditions: 2a–i (0.2 mmol), CS2 (1.2 equiv), AgOTf 
(10 mol%), DMF (2 mL) at 60 °C. All products were characterized by 1H 
and 13C NMR spectroscopy and HRMS analysis.
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To a solution of 2-alkynylbenzaldoximes (0.2 mmol) in DMF (2

mL) was added AgOTf (10 mol%), and the mixture was stirred at

60 ℃ in an oil bath for 30 min, leading to the isoquinolines N-

oxide (monitored by TLC). Then CS2 (1.2 equiv) was added, and

the reaction mixture was stirred at 60 ℃ for 6 h. Upon comple-

tion of the reaction (as indicated by TLC), the reaction mixture
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residue was purified using column chromatography (silica gel,
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3-Phenylisoquinoline (2a) 

Yellow solid (39 mg, yield 95%, mp 48–49 °C), Rf = 0.35 (n-hex-

ane/EtOAc, 5:1). 1H NMR (300 MHz, CDCl3):  = 9.35 (s, 1 H, H-1

isoquinoline), 8.15 (d, J = 7.2 Hz, 2 H, HAr), 8.06 (s, 1 H, HAr),

7.98 (d, J = 8.0 Hz, 1 H, HAr), 7.86 (d, J = 8.0 Hz, 1 H, HAr), 7.68 (t,

J = 7.2 Hz, 1 H, HAr), 7.57 (t, J = 7.3 Hz, 1 H, HAr), 7.53 (t, J = 7.3

Hz, 2 H, HAr), 7.43 (t, J = 7.3 Hz, 1 H, HAr). 13C {1H} NMR (75

MHz, CDCl3):  = 152.4, 151.2, 139.6, 136.6, 130.5, 128.8, 128.5,

127.7, 127.5, 127.1, 127.0, 126.9, 116.5. HRMS (ESI-TOF): m/z

[M + H]+ calcd for C15H12N: 206.0957; found: 206.0961.

(18) General Procedure for the Synthesis of 4-Bromo-3-

aryl(alkyl)isoquinolines 3a–g Using Br2and CS2 

A mixture of 2-alkynylbenzaldoxime (0.2 mmol), NaHCO3 (1.2

equiv), and Br2 (1.2 equiv) in DMF (2 mL) was stirred at room

temperature for 30 min. After preparation of the 4-bromo-3-

aryl(alkyl)isoquinoline N-oxide (monitored by TLC), CS2 (1.2

equiv) was added, and the reaction mixture was allowed to stir

at 60 ℃ until the reaction was complete (TLC monitoring, about

3.5 h). The crude mixture was extracted with H2O (10 mL) and

EtOAc (3 × 10 mL), and the combined organic extracts were

dried over anhydrous Na2SO4, filtered, and the solvent was

removed under reduced pressure. The residue was purified by

column chromatography (silica gel, eluent: n-hexane/EtOAc,

5:1) to give the corresponding 4-bromo-3-aryl(alkyl)isoquino-

line 3a–g (65–89%). 
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4-Bromo-3-phenylisoquinoline (3a) 

Brown solid (50 mg, yield 89%, mp 47 °C); Rf = 0.30 (n-hex-

ane/EtOAc, 5:1). 1H NMR (300 MHz, CDCl3):  = 9.25 (s, 1 H, H-1

isoquinoline), 8.35 (d, J = 8.6 Hz, 1 H, HAr), 8.02 (d, J = 8.1 Hz, 1

H, HAr), 7.75 (d, J = 6.4 Hz, 1 H, HAr), 7.56–7.48 (m, 3 H, HAr),

7.39–7.32 (m, 3 H, HAr). 13C{1H}NMR (75 MHz, CDCl3):  =

151.1, 148.8, 132.5, 132.0, 131.6, 129.9, 129.5, 128.7, 128.4,

128.0, 127.0, 125.2, 118.4. HRMS (ESI-TOF): m/z [M + H]+ calcd

for C15H11
79BrN: 284.0738; found: 284.0741.
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