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Microwave irradiations of 2-(aminoaryl)alkanone O-phenyl
oximes and carbonyl compounds generate iminyl radicals in
company with imines; iminyl on imine ring closure yields
dihydroquinazolines or quinazolines when ZnCl, is included in
the mixture.

The quinazoline ring is an important structural motif in many
biologically active compounds. Interest in new ways of making
derivatives is high because anticancer, antibacterial, antic-
onvulsant and diuretic activities have been reported for var-
ious quinazoline alkaloids.'** For example, 2-substituted-4-
aminoquinazolines are known to be potent against several
bacterial strains.’ 1,2-Dihydro-4-aminoquinazoline derivatives
are effective and selective inhibitors of inducible nitric oxide
synthase and show anti-inflammatory activity in vivo.* With
the exception of the CuCl, catalysed reaction of aldehydes
with anthranilamide,” methods of forming the quinazoline
ring either require multi-step preparations of special re-
agents/reactants or give moderate yields.®

Thermolyses of model O-phenyl oxime ethers were shown to
release simple dialkyl- and diaryl-iminyl radicals together with
phenoxyl radicals. In fact, the N-O bond dissociation enthal-
pies [BDE(R,CN-OPh) ~ 140 kJ mol~! for R = Me or Ph]
were found to be lower than the O-O BDEs of dialkyl
peroxides [159-167 kJ mol~'].” We recently discovered that
for the special case of alkenone O-phenyl oximes, microwave
irradiation was a suitable method for release of unsaturated
iminyl radicals which ring closed to afford dihydropyrroles in
good yields.®®

We reasoned that other heterocycles could probably be
made by using O-phenyl oximes containing different types of
radical acceptors in their side chains. In particular, by use of
imine functionality in the side chain, di-aza-heterocycles might
be accessible under mild, neutral conditions with all the
convenience and rapidity of a microwave-assisted process.
The O-phenyl oxime of 2-aminoacetophenone 1 can be made
in good yield by treatment of this ketone with commercially
available O-phenylhydroxylamine hydrochloride.” Imines 2
could be made by condensation of 1 with aldehydes or ketones
in the conventional way (route a, Scheme 1). On irradiation
with microwaves the weak N-O bond of 2 should break
releasing iminyl radical 3 together with the resonance-stabi-
lised phenoxyl radical. The architecture of iminyl radical 3
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Scheme 1 Projected annulations of 2-aminoacetophenone O-phenyl
oxime with carbonyl compounds.

favours ring closure onto the N=—C bond in the 6-endo-trig
mode because the resultant aminyl radical 4 will be strongly
resonance stabilised. Hydrogen abstraction from the toluene
solvent should then furnish dihydroquinazoline 5.

We conjectured, however, that the imine forming condensa-
tion would also be promoted by microwaves. There was a
possibility therefore of assimilating imine formation with
radical generation thus enabling the whole sequence to be
combined in one pot (route b, Scheme 1).

To test this novel annulation sequence pent-4-enal (1 equiv.)
and oxime ether 1 (1 equiv.) in toluene solution with 1-ethyl-3-
methyl-1H-imidazol-3-ium hexafluorophosphate (emimPFg)
as ionic liquid, were irradiated with microwaves (nominally
300 MHz) in a Biotage Initiator closed reactor. Dihydroqui-
nazoline 5b (R! = H, R?> = but-3-enyl) was indeed formed
with toluene as the H-atom donor solvent. After 30 min
irradiation the "H NMR spectrum of the total product showed
a very clean mixture with essentially quantitative production
of 5b together with an equal amount of phenol.'® The latter is
formed by H-abstraction from solvent by the co-produced
phenoxyl radicals and is easily separated.

Table 1 shows that reactions with aliphatic aldehydes
delivered the corresponding dihydroquinazolines in high yields
(entries 1-3). Reaction of 1 with benzaldehyde gave a 72%
yield of the corresponding dihydroquinazoline (entry 4). For
other aromatic aldehydes, and for ketones, the reactions
tended to be incomplete and lower yields were obtained.
However,  cyclohexanone  afforded an  interesting
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Table 1 Yields of dihydroquinazolines from reactions of 1

Entry Yield (mol%)”

1 AN 91
SN
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H

Carbonyl compound Dihydroquinazoline

2 ANS 940
o Sn
W
N
H
b
3 Nk X 92
N
N )\/\Ph
H
4 PhCHO 7
SN
N
Y 0)
5 OM @N 78
HM

¢ Reaction conditions: emimPF¢ (1 equiv.), solvent: PhMe, MW for
30 min at 160 °C. All yields are isolated yields. * Solvent: -BuOH.

spirodihydroquinazoline (entry 5) in a very acceptable yield of
78%. The 1,2-dihydroquinazolines with only one substituent
at the 2-position (entries 1-4) slowly oxidised to the corres-
ponding quinazolines over a period of weeks when stored in
air at rt.

If H-atom abstraction from solvent by the iminyl radical
generated from 1 before imine formation had been important,
then 6a or its hydrolysis product 6b should have been formed.

X X
R1
NH, N=(
RZ
6a; X=NH 7a; X=NH
b; X=0 b; X=0O

Similarly, if H-atom abstraction from solvent by radical 3 had
been faster than ring closure then 7a, or its hydrolysis product
7b, should have been detected. In practise, neither 6a,b nor
7a,b were observed. Imine production from 1 and an aldehyde
takes place via a series of equilibria involving hemiaminal
formation, water loss and several protonation/deprotonation
steps. The dehydration step is acid catalysed and the rates of
individual steps depend on pH and on solvent."" The absence
of 6a,b shows that the equilibria must be fast in comparison
with radical generation. The step 3 — 4 is a novel 6-endo-trig
cyclisation of an iminyl radical onto a C—N bond. Kinetic
data for this particular type of ring closure are not available.
However, the known rate constants for 6-endo-trig cyclisations
of C-centred radicals onto C—=N bonds,'? and for iminyl
radicals onto C—C bonds,'*'* suggest 3 — 4 would be a fast
process at 160 °C with a rate constant at least equal to that of a
C-centred radical onto a C—C bond, and probably greater
because of the resonance stabilisation in 4. This is consistent
with the absence of compounds 7a.b in the product mixture.
Evidently imine is rapidly trapped by the cyclisation step but
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Fig. 1 Quinazolines prepared in ZnCl, promoted reactions of 1 with
aldehydes.

the fast imine formation equilibria ensure a constant supply
until reactant depletion sets in.

It is known that imine formation is promoted by inclusion
of zinc chloride.'”> We surmised, therefore, that addition of
ZnCl, as a promoter would improve the product yields when
less reactive carbonyl compounds were employed. When pent-
4-enal was reacted with 1 in the presence of 0.3 equivalents of
ZnCl,, a high yield was obtained, but the interesting outcome
was that the quinazoline, rather than the dihydroquinazoline,
was formed under these circumstances.

Products and yields of quinazolines obtained from annula-
tions with a variety of aldehydes are shown in Fig. 1.'"® High
yields of quinazolines 8a and 8b were obtained from 1 with the
aliphatic aldehydes pent-4-enal and cyclohexanecarbaldehyde,
respectively. The aromatic 4-nitrobenzaldehyde gave 8d also in
high yield (90%). Somewhat lower, but still useful, yields of
quinazolines were obtained on starting with aromatic alde-
hydes containing electron donating substituents, as 8¢ and 8f
demonstrate. Similarly, the annulation worked well with
pyridine-2-carbaldehyde (— 8c).

To probe the sensitivity of the reaction to substituents in the
aryl ring, and at the 4-position of the quinazoline, O-phenyl
oxime ethers of 2-aminobenzaldehyde, 5-bromo-2-aminoace-
tophenone and 4,5-dimethoxy-2-aminoacetophenone were
prepared. The formation of quinazolines 8f, 8 and 8h all in
good yields (Fig. 1) showed that the reaction tolerates a good
range of functionality in the aminoketones as well as in the
partner aldehydes.

The change to aromatic quinazolines when ZnCl, is in-
cluded might signal a change in mechanism. It is known from
previous work”® that the precursor O-phenyl oximes are
completely dissociated to radicals in <30 min under the
microwave conditions. To compete, any alternative mechan-
ism would have to be faster than this."” Possibly the zinc bonds
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Scheme 2 Possible role of zinc chloride in quinazoline formation.

to the imine nitrogen prior to cyclisation ie. 9 and the
subsequent ring closure gives amminium radical cation 10 in
a process akin to an iminium salt cyclisation. The adjacent
cation would considerably lower the pK, of the H-atom at
position 2 of the heterocycle 10. Proton loss would then yield
11 in a process reminiscent of the Minisci reaction
(Scheme 2).'® Stabilised intermediate 11 might transfer an
electron to the starting oxime ether to give 12 or be converted
to 13 on exposure to oxygen during work-up. When the ZnCl,
is not present, the C—H at position 2 is not acidic, and hence
aromatisation to a quinazoline does not occur."

Overall, this process is a two-stage synthetic route from
2-aminoarylalkenones via their O-phenyl oximes and thence
by a one pot procedure with carbonyl compounds to dihy-
droquinazolines or quinazolines. The process is of wide scope
and works well with alkyl, aryl and heterocyclic types of
aldehyde. The reaction has several advantages over existing
methods for quinazoline synthesis. It is rapid (30 min) and
requires no acids, bases, or toxic metals. It is comparatively
mild and high yielding. The O-phenyl oximes are easily made
in one step and can be stored indefinitely. Unlike many other
radical-mediated synthetic methods, no initiator is needed and
hence no by-products from initiator fragments contaminate
the system. There is evidently a promising future for micro-
wave-assistance in reactions where the initial step is homolysis
of a weak bond in a reactant molecule, O-phenyl oxime ethers
being prime examples.

We thank GSK and EaStChem for financial support and
Dr M. C. Clarke for loaning the microwave reactor.
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