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Iodine-Mediated Electrophilic Cyclization of 2-Alkynyl-1-methylene Azide Aromatics Leading to Highly Substituted 

Isoquinolines and Its Application to the Synthesis of Norchelerythrine
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Synthesis of Isoquinolines by I2-Mediated 
Electrophilic Heteroannulation

Significance: Reported here is the synthesis of 
highly substituted isoquinolines 2 via the iodine-
mediated electrophilic cyclization of 2-alkynyl-1-
methylene azido arenes 1. Several sets of condi-
tions were identified using different iodonium 
sources, depending on the reactivity of the sub-
strate. Both electron-donating and -withdrawing 
groups are equally tolerated on the aromatic ring, 
although electron-neutral and -donating groups 
are clearly favored at the alkyne terminus. The 
reaction was extended to include heterocyclic 
substrates including pyridines, pyrroles, furans 
and thiophenes 3, to give the corresponding iso-
quinolines in poor to excellent yield. The utility of 
this methodology was further demonstrated by 
the short synthesis of the potent antitumor agent 
norchelerythrine. A plausible mechanism involving 
formation of an iodonium species that is intercept-
ed by the azido group, followed by aromatization 
on loss of N2 is suggested.

Comment: Isoquinolines are common motifs both 
in natural products and pharmaceuticals (see 
Book below). Classical methods for the synthesis 
of isoquinolines such as the Pomeranz–Fritsch 
reaction often involve harsh conditions and exhibit 
poor functional group tolerance. Although recent 
transition-metal-catalyzed conditions developed 
by Larock and co-workers (J. Org. Chem. 2003, 
68, 920; J. Org. Chem. 2003, 68, 980) allow effi-
cient synthesis of 3,4-disubstituted isoquinolines, 
C-1 substituted derivatives are not available by 
this methodology. The current method represents 
a general and flexible approach to highly substi-
tuted isoquinolines bearing an iodo group at the 
4-position suitable for further functionalization. 
Functional group tolerance is high by virtue of the 
availability of three distinct sets of conditions em-
ploying acidic, basic or neutral media.

Book: M. Álvarez, J. A. Joule, In Science of 
Synthesis, Vol. 15; D. Black, Ed.; Georg Thieme 
Verlag: Stuttgart, New York, 2004, 661-838.
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A: I2, K3PO4, CH2Cl2, r.t., 24 h to 21 d
B: Py2IBF4, HBF4, CH2Cl2, –78 °C, 1 h
C: NIS, NaHCO3, DCE, 50 °C, 72 h
D: I2, NaHCO3, CH2Cl2, r.t., 24 h

Conditions A, B, C or D

1 2
11–95%

22 examples
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I2, NaHCO3, MeNO2, 100 °C, 1–24 h

3 4
25–77%

7 examples

X = NTs, O, S
R1 = n-Bu, Ph
R2 = H, Me, n-Hex

X = CH, N
R1 = H, NO2  ;  R2 = H
R1–R2 = –OCH2O–
R3 = H;  R4 = Me, c-Pr, i-Bu, n-Hex,
                      CH2OAc, Bn, Ph
R3–R4 = –(CH2)3– 
R5 = Me, n-Bu, t-Bu, cyclohexen-1-yl,
        CH2TMS, Ph, 4-MeC6H4, 4-MeOC6H4,
        4-CF3C6H4, 4-EtO2CC6H4
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