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a b s t r a c t

Basic alumina supported, solvent-free synthesis of novel oxazocines, medium size heterocycles, has been
achieved in excellent yields by tandem C-alkylation followed by intramolecular O-alkylation of hydroxy-
quinoline/isoquinoline(s) with quinolinium salts under microwave irradiation. The method provides a
facile and efficient route for the construction of polynuclear bridge-head oxazocines.

� 2011 Elsevier Ltd. All rights reserved.
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The modern trend in synthetic organic chemistry is to develop
new methodologies that afford products of greater structural
complexity with fewer synthetic steps,1 and of complex molecules
from relatively simple starting materials, employing operationally
simple, environmentally benign reaction conditions while ensuing
high yields.2 In this respect tandem reactions,3 where multiple
transformations take place in one-pot, have emerged as an efficient
tool for the synthesis of complex molecules. Significant develop-
ments in the area over the years have afforded a plethora of struc-
turally unique compounds.4 We have been performing tandem
reactions on quinolines/tetrahydroquinolines using different cata-
lytic systems because functionalized quinoline moiety is prevalent
in numerous biologically active compounds. In this endeavor we
have synthesized a number of linearly fused medium sized (seven
to nine-membered) tri, tetra, penta, and hexa-cyclic substituted
quinoline derivatives.5 We noted that oxazocines, eight-membered
oxa-aza-heterocycles, have received considerable attention due to
their pharmacological properties like antidepressant, antithrom-
botic, antipsychotic, and antibreast-cancer activities.6 The bridge-
head oxazocine core is also present in a number of natural
products, viz. ecteinascidine 743, bioxalomycin, tetrazomine, and
quinocarcins showing good antitumor and antimicrobial activity.7

The interesting biological activity of the bridgehead oxazocines
attracted our attention and prompted us to develop a convenient
protocol for easy access to this heterocyclic system utilizing the
ll rights reserved.
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scope of addition of nucleophilic reagents to quinolinium salts that
has already proved to be an efficient method for the synthesis of
useful quinoline derivatives.8

The microwave-irradiated solid-phase heterogeneous reactions
have become well-established9 as environmentally benign reaction
procedures that usually provide improved selectivity, enhanced
reaction rates, cleaner products, and manipulative simplicity. We re-
cently reported our efforts10 for fast and facile reaction strategies
that involved microwave energy as an unconventional energy
source in a two-component reaction. The present study was in-
tended to establish the viability of a two-component reaction
involving a 1,3-dinucleophilic tandem reaction between N-alkyl-
quinolinium salts and different bifunctional nucleophiles using
microwave energy. This strategy, if successful, would provide a fast,
one-pot synthesis of eight-membered rings in fused heterocycles
which otherwise are accessible only through multistep synthesis.
Here, in this communication, we wish to describe the first successful
application of this approach.
1a 2a 3a

Scheme 1. Microwave mediated synthesis of quinolinooxazocine (3a) catalyzed by
alumina.
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Figure 1. ORTEP diagram of quinolinooxazocine (3a).

Table 1
Tandem reactiona of 1a and 2a under thermal condition

Entry Solvent Base Yieldb of 3a (%)

1 Methanol Cs2CO3 60
2 THF Cs2CO3 55
3 CH3CN Cs2CO3 75
4 Pyridine Cs2CO3 80
5 Methanol Basic Al2O3 54
6 THF Basic Al2O3 50
7 CH3CN Basic Al2O3 56
8 Pyridine Basic Al2O3 65
9c Nil Basic Al2O3 92

a Reactions were carried using 1 mmol of quinolinium salt, 1.2 equiv of
hydroxyquinoline and 1 g basic alumina.

b Isolated yields.
c Basic alumina was activated at 450 �C for 12 h and then the reaction was carried

out according to Scheme 1.

Table 2
Synthesis of quinolino/isoquinolinooxazocines under microwave irradiation
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1 1a (R1 = H, R2 = OCH3) 2a
2 1b (R1 = H, R2 = CH3) 2a
3 1c (R1 = H, R2 = H) 2a
4 1d (R1 = CH3, R2 = OCH3) 2a
5 1e (R1 = CH3, R2 = CH3) 2a
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It was reasoned that basic alumina can be used as a basic
catalyst under microwave energy for activation of the hydroxy-
quinoline, which could participate in a 1,3-dinucleophilic addition
reaction with N-alkyl quinolinium salts. On the basis of that rea-
soning, we chose N-alkyl quinolinium salt 1a (1 mmol) and
hydroxyquinoline 2a (1.2 equiv) as reactants of this study. Those
were mixed with basic alumina (0.5 g) and irradiated in a mono-
mode Discover microwave reactor (CEM Corp., Matthews, NC,
USA) at 100 �C for 10 min. Usual work-up with ethyl acetate
followed by chromatographic purification afforded the reaction
product 3a in 92% yield. The molecular formula was deduced to
be C20H18N2O3 by elemental and high resolution mass spectral
analysis, indicating the annulation of the reactants to form the
desired quinolinooxazocine (Scheme 1). The 1H NMR spectrum of
3a exhibited two characteristic11 peaks (d 2.03 and d 2.13) for
the geminal aliphatic methylene protons, two 3H singlets assigned
to N–CH3 (d 3.09) and O–CH3 protons (d 3.64), two broad singlets
for N–CH–O and the benzylic protons (d 5.89 and d 4.13), and a
peak for phenolic OH proton at d 11.35. The 13C NMR spectrum
of 3a showed 20 distinct peaks in agreement with the proposed
structure. 13C DEPT data established a peak at d 25.1 for the meth-
ylene carbon, one peak at d 36.9 for N–CH3, and one for the meth-
oxy carbon at d 55.3. Of the rest 17 peaks, nine were assigned to
aromatic methine carbons and other eight peaks were identified
for quaternary carbons. The bridged structure was eventually fully
elucidated by single crystal X-ray analysis. The ORTEP representa-
tion of the compound 3a, indicating the molecular structure, is de-
picted in Figure 1. When the 2-methyl quinolinium salt 1d was
used as the starting material, the product 3d displayed in its 1H
NMR spectrum signals resembling those of 3a except for the disap-
pearance of the signal at d 5.89; instead a singlet at d 1.90 was ob-
served for the methyl group.

We conducted several reactions with or without basic alumina
but in conjugation with other bases and in different organic sol-
vents to study the effectiveness of basic alumina. When the reac-
tion was carried out thermally with quinolinium salt 1a
(1 mmol), hydroxyquinoline 2a (1.2 equiv) and cesium carbonate
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Table 2 (continued)

Entrya Quinolinium salts Hydroxyquinoline/isoquinolines Products Yieldsb (%)

6 1f (R1 = CH3, R2H) 2a 3f 87

N
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R1 N

OH

O
N

H3C

NR2

R1
7 1a 2b 3g 88
8 1b 2b 3h 89
9 1c 2b 3i 88
10 1d 2b 3j 86
11 1e 2b 3k 86
12 1f 2b 3l 85

a Reactions were carried using 1 mmol of quinolinium salt, 1.2 equiv of hydroxyquinoline and 0.5 g basic alumina under microwave irradiation.
b Isolated pure yield.
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(used as base in lieu of basic alumina) for 5 h in solvents like
MeOH, THF, or CH3CN, considerable decrease in yield was observed
(Table 1, entry 1–3). However, when the same was performed in
dry pyridine with cesium carbonate as base, it afforded somewhat
better yield of the quinolinooxazocine (entry 4). The thermal reac-
tion of 1a and 2a in other organic solvents in combination with ba-
sic alumina also lowered the yield of 3a (entries 5–8).

After achieving the optimal reaction condition for the tandem
synthesis of quinolinooxazocine 3a,12 we carried out reactions of
other quinolinium salts (1b–f) with hydroxyquinoline (2a) under
the protocol to afford 3b–f in excellent yields (Table 2). The
remarkable advantage of this solid-phase reaction is that the reac-
tion products were separated from alumina by simple extraction
with ethyl acetate.

To extend the scope of the reaction further, the alumina
catalyzed solid phase reaction was carried out with 1a and 2b un-
der microwave irradiation (entry 7, Table 2) to afford iso-
quinolinooxazocine 3g in 88% yield (Scheme 2).

However, an attempt to carry the tandem reaction with
2-hydroxyquinoline, 4-hydroxyquinoline, and 3-hydroxyisoquino-
line under identical conditions failed to produce any result. We
presume the failure was probably due to keto-amine tautomerism
in the quinoline molecules. As described in the report of Moghaddam
et al.11e the mechanism possibly involves the formation of an
iminium intermediate via C-alkylation followed by intramolecular
cyclization to give the desired product.

The usefulness of this methodology lies in the fact that the tan-
dem reaction is carried out rapidly under microwave promoted
environmentally benign, solvent-free condition to give quinolino/
isoquinolinooxazocines (entry 3a–l)13 in excellent yields. The cata-
lytic effect of basic alumina was found to be more prominent in
solid phase reactions than liquid phase reactions (Table 2). The
reaction is compatible with various substituents. In conclusion
the methodology is expected to provide a general route for the
facile, one-pot synthesis of a wide range of quinolino/
isoquinolinooxazocines.
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Scheme 2. Microwave mediated synthesis of isoquinolinooxazocine (3g) catalyzed
by alumina.
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