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Nitrogen heterocycles are prepared using hot pressurized water under microwave and thermal conditions. Selective
reduction, cyclodehydrations (Friedländer and Pfitzinger syntheses), Suzuki coupling, and ligand exchange have
been effected in water or water–protic solvent media.

Introduction

Pyridines and quinolines of relevance to metal complexes and
natural product, drug, and materials synthesis are generally
readily prepared from condensation and cyclodehydration
reactions. These preparations frequently employ environmen-
tally unfavorable techniques such as acid catalyzed azeotropic
removal of water using aromatic solvents. We have sought to
address some typical organic preparations1 and synthetic
applications in water2 or alternative environmentally friendly
protic media, using pressure reactors and microwave tech-
niques.

The cyclodehydration of o-aminobenzaldehyde and a-me-
thylene ketones, the Friedländer synthesis, in organic media is

one such preparation.3 The use of this reaction has been limited
because of the availability of o-aminocarbonyl compounds.4
Described is an in situ green preparation of o-aminobenzalde-
hyde.

Biological probe 15 has been assembled by following
literature precedence for terpyridine synthesis6 and a Suzuki
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Green Context
Water has many obvious attractions as a reaction solvent for
organic synthesis but the poor solubility of many organic
compounds in water restricts such applications under
normal conditions. Water under high temperatures and
pressures however, undergoes quite dramatic changes in its
properties and it becomes a generally good solvent for
organic compounds. While this has been exploited in
remediation type processes it has been little used in
synthesis. Here the use of near critical water as a medium
for the organic synthesis of nitrogen heterocycles is demon-
strated. The potential for solvent recycling is also demon-
strated. The authors go on to use combined clean technolo-
gies—catalysis in near critical water, and microwave
activated water systems to further demonstrate the clean
synthesis potential for these interesting systems. JHC
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coupling.7 However the terpyridine synthesis and the generally
dependable Suzuki coupling, which can become problematic
with high molecular weight materials, demonstrated to us the
opportunities for improvements based on green chemistry.

Disclosed is a greener preparation of biological probe 1 of
possible interest for photoinjection5 studies.

Results and discussion

Quinoline chemistry. One of the most used preparations of
o-aminobenzaldehyde is the ferrous sulfate reduction of o-
nitrobenzaldehyde which is done in water but is waste prone in
reducing reagent and energy.8 Other excellent preparations of o-
aminobenzaldehyde are not environmentally benign.9 An
alternative is to reduce the nitro group in situ for imine
formation with carbonyl compounds using ethyl formate and
palladium on carbon in near critical water (NCW) as illustrated
in eqn. (1). Ethyl formate in hot pressurized water has been
shown to be an effective green reducing system for olefins,
acetylenes and aldehydes.10 However the nitro group can be
selectively reduced in the presence of aldehydes and ketones in
a pressure reactor at 170–200 °C yielding the Friedländer
quinoline product in good to modest yields (Table 1, method
A).11,12 The yields of this combined one-step quinoline
preparation is generally close to the overall yield of a two-step
procedure from o-nitrobenzaldehyde.13 The equivalents of
formate, carbonyl substrate, reaction time and temperature have
not been varied. These variables will be reviewed to optimize a
green preparation of these heterocyclic products.

(1)

The use of isatin is a classical alternative to the o-
aminobenzaldehyde-Friedländer synthesis. Isatin in heated
aqueous base, opens and condenses on methylene ketones, to
give quinoline carboxylic acids.14 Although these acids are
troublesome to isolate, they do decarboxylate under forcing
conditions to 2- or 2,3-substituted quinolines. The same
carbonyl compounds with isatin in NCW ( > 250 °C, 1 h) form
the substituted quinoline systems with in situ decarboxylation
(Table 1, method B). Hot pressurized water (NCW) is more
ionized and it is a dehydrating media well suited for isatin
opening, condensation and cyclodehydration with carbon-
yls.15,16 4-Quinoline carboxylic acids can be found for reaction
temperatures below 250 °C and these acids decarboxylate on
cycling with a higher temperature ( > 250 °C) water treatment.
In the few comparative reactions the yields of quinolines from
isatin are generally about the same as using o-nitrobenzalde-
hyde (e.g. entries 3 and 4, Table 1) but in the case of methyl
isopropyl ketone with isatin, no regioisomer is formed (entries
6 and 7, Table 1). This is presumably due to steric hindrance at
C-3 of the forming quinoline carboxylic acid.

Pyridine-ligand chemistry. Biphenylboronic acids (or es-
ters), bromophenylterpyridine and a suitable osmium complex

are the rational building blocks for biological probe 1. However
without microwave assistance 1 could not have been prepared
for potential use as a biological probe.

The published procedures for making terpyridines are quite
good, but the preparation of the necessary terpyridine 5 was
reformulated to greener techniques without a reduction in
yield.

General procedure. Acetylpyridine (2a) and para-substi-
tuted benzaldehydes 3 (X = Br, NO2)17 with one equivalent of
KOH in water were heated using 10 min low power bursts (total
of 50 min) over a 3 h period with a commercial microwave
oven, resulting in the formation of azachalcone 4. As the
organics begin to solidify, the solid was removed by filtration
and, in the case of bromide 4, the aqueous base was recharged
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with benzaldehyde (3, X = Br) and acetylpryidine (2) for
additional preparation of the azachalcone 4.18 After a couple of
cycles the aqueous layer began to color but the yield of
azachalcone (4, X = Br) remained nearly quantitative.

The azachalcone 4 (X = Br) was recrystallized from
ethanol19 and mixed with ammonium acetate and iodopyr-
idylacetylpyridine (2b) in water–acetic acid (25+75). The
heterogeneous mixture was irradiated20 in a commercial
microwave oven, affording bromophenylterpyridine 5. Alter-
natively the same reaction mixture in a stainless steel pressure
reactor (filled to less than 30% capacity) was heated between
140–190 °C for 2 h yielding terpyridine 5 (X = Br).

Normal Suzuki coupling of 5 to biphenylboronic acids 6 was
confirmed by mass spectra but only in low yield and long
periods of heating under reflux in high boiling solvents.7

Based on literature precedence21 intense microwave radiation
(200 °C, 200 psi max, 1 h) rapidly forms the desired terpyridine
ligand 7 in high yield after an acid–base extractive purification.
Similarly a sluggish ligand exchange 7 to 1 (R = H)22 is best
accomplished using microwave assistance (200 °C, 75 psi max,
1 h).23 The PF6 salt of 1 is separated from a mixture of two other
osmium compounds on Al2O3 in acetonitrile–sat. aq. KNO3–
water (14+2+1).24

Conclusion

Preliminary results further demonstrate the potential of near
critical water as a green medium for heterocyclic synthesis and
in some procedures water with reaction catalyst can be easily
recycled. Microwave techniques and pressure vessels can alter
long-term low yielding processes to short term, more efficient
reactions. The combination of these techniques yields green
preparation of quinolines and photoinjection tools.
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