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A new approach to synthesize 3-alkylquinazolin-4-ones is developed. Treatment of quinazolin-4-ones
with Mukaiyama’s reagent, a base and a primary amine nucleophile results in the formation of 3-alkyl-
quinazolin-4-ones in moderate to good yields under mild conditions. Using this methodology, a one-step
synthesis of the natural alkaloid, echinozolinone, is accomplished.

� 2010 Elsevier Ltd. All rights reserved.
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Quinazolinones 1 and related quinazolines 2 are nitrogen-con-
taining heterocycles that are common in nature. They possess a
wide range of biological properties including antimalarial, anti-
inflammatory, anti-cancer, and anticonvulsant amongst others.1

For example, febrifugine (3), a quinazolinone isolated from the Chi-
nese herb Dichroa febrifuga, is used as an antimalarial drug2 while
erlotinib (4), a quinazoline, has stimulated intense interest as a po-
tent kinase inhibitor (Fig. 1).3 In this Letter, we report a new meth-
od to synthesize 3-alkylquinazolin-4-ones via a coupling reaction
between quinazolin-4-one and a primary amine in the presence
of Mukaiyama’s reagent.

Retrosynthetically, the most common procedure to 3-alkylqui-
nazolin-4-ones is N-alkylation at the 3 position of quinazolin-4-
one with appropriate alkyl halides in the presence of a strong
base.4 These methods, however, require harsh conditions and pro-
duce unavoidable elimination products from the alkyl halide in
addition to non-selective O-alkylation. In the case of aminoquinaz-
oline 2, strong and acidic reagents such as SOCl2, POCl3, and PCl5

were used to activate the carbonyl of quinazolin-4-one prior to
the addition of the corresponding amine.5

In continuing attempts to develop robust synthetic methods
for aminoquinazolines 2, we recently demonstrated an efficient
‘one-step’ synthesis of cyclic amidines using the phosphonium
reagent, benzotriazol-1-yloxy-tris-(dimethylamino)phosphonium
hexafluorophosphate (BOP 6); this amination was accomplished
in high yield.6 Nevertheless, this method is inconvenient for
scale-up because the phosphonium reagent is expensive and has
a high molecular weight resulting in atom inefficiency. Moreover,
the by-product of the reaction is HMPA which is considered to be
a carcinogenic substance.7 In search of new activators, we reasoned
that there was a possibility of using another amide-coupling
ll rights reserved.
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agent.8 Mukaiyama’s reagent, 2-chloro-1-methyl-pyridinium io-
dide 7 would appear to be appropriate for the activation due to
its high stability and low cost.9 Surprisingly, the use of this activa-
tor under our previous conditions led to the isolation of 3-butyl-
quinazolin-4-one 9 as the sole product in 60% yield with 20%
recovery of starting material and without detection of the expected
amidine 8 (Scheme 1). The 1H NMR data of 8 and 9 are clearly dis-
tinguishable since the 2-H signal of 8 appears at 8.60 ppm while
the same proton in 9 resonates at higher field (8.03 ppm) due to
the aromaticity of the quinazoline ring. Moreover, the HMBC spec-
trum of 9 confirmed the regioselectivity of this coupling reaction
which occurred at N-3 instead of N-1.10

To explore the scope of this new procedure, a panel of low cost
amide bond-coupling agents was screened (Table 1). DCC gave a
lower yield compared to Mukaiyama’s reagent while cyanuric
chloride and 2,4-dichloro-6-methoxy[1,3,5]triazine (DCMT) re-
sulted in decomposition and only trace amounts of the desired qui-
nazolinones 9 were detected. This short survey revealed that
Mukaiyama’s reagent was well-suited for this transformation.11
Febrifugine 3 erlotinib 4

Figure 1. Representative 3-substituted-quinazolin-4-ones and a related quinazo-
line.
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Table 2
Results of the optimization study

Entry Solvent/base/temp Yielda (%)

1 MeCN/DBU/rt 20
2 MeCN/Et3N/rt 60
3 MeCN/NaOt-Bu/70 �C 15
4 MeCN/DIPEA/rt 70
5 DMSO/DIPEA/rt 23
6 DMF/DIPEA/rt 40
7 Benzene/DIPEA/rt 50
8 CH2Cl2/DIPEA/rt 78
9 DCE/DIPEA/80 �C 79

a Yield of pure, isolated product (characterized by 1H and 13C NMR spectroscopy).

Table 3
Functional group tolerance
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Scheme 1. Reaction of 5 with BOP and Mukaiyama’s reagent.
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Consequently, the optimization study was performed on qui-
nazolin-4-one 5 with n-butylamine and Mukaiyama’s reagent by
evaluating various bases, solvents and temperatures (Table 2).
Screening the base indicated that diisopropylethylamine was the
most effective base in comparison with others, although triethyl-
amine gave a satisfactory result (entries 1–4). With DIPEA as the
base of choice, CH2Cl2 and DCE proved to be the best solvents (en-
tries 8 and 9).

Having identified optimum reaction conditions, various quinaz-
olin-4-ones were subjected to the reaction conditions to examine
the scope of the reaction.12 The expected product of each substrate
was obtained in fair to good yield, as presented in Table 3. The
investigated quinazolin-4-ones ranged from bicyclic to tricyclic
ring systems carrying a variety of substituents. These include nitro,
dimethoxy, dichloro, and a benzo analog. Electronic effects were
also observed. In the case of electron-withdrawing groups such
as nitro and chloro, the product yields were excellent and the reac-
tion was carried out at ambient temperature. However, coupling
7,8-dimethoxy-4-hydroxyquinazoline with n-butylamine required
heating to drive the reaction to completion to give the desired
product 12 in only 43% yield.

To further demonstrate the scope of this reaction, a panel of pri-
mary amine nucleophiles were tested in the reaction with quinaz-
olin-4-one (5) and the products are shown in Scheme 2.
Unhindered primary amines such as n-butylamine, benzylamine
and 2-phenylethanamine, reacted smoothly at room temperature
to provide the target compounds (9, 14 and 15) in good isolated
Table 1
Results of activator screeninga

5
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n-Buactivator, n-BuNH2

DIPEA, MeCN, RT, 12 h

9

Entry Activator Yieldb (%)

1 DCC 20%
2 DCMT Trace
3 Cyanuric chloride Trace
4 Mukaiyama’s reagent 60%c

a The reaction was performed by treatment of 5 (1 equiv) in MeCN at room
temperature with n-BuNH2 (2 equiv), DIPEA (2 equiv), and activator (2 equiv).

b Yield of pure, isolated product (characterized by 1H and 13C NMR spectroscopy).
c Starting material was recovered in 20% yield.
yields. Coupling of a sterically hindered nucleophile such as cyclo-
hexylamine was facilitated by increasing the temperature to gen-
erate 16 in 68% yield. In the case of the weak nucleophile aniline,
only a trace amount of the desired product was detected. Next,
the reaction was extended to nucleophiles with various acid-labile
functional groups. Reaction of 5 with glycine methyl ester using
Mukaiyama’s reagent gave 18 in moderate yield. Moreover, pri-
mary amines with an acetal moiety reacted with 5 to afford prod-
ucts 19 and 20 in 87% and 57% yield, respectively.

With the success of this coupling reaction, our attention turned
to the synthesis of echinozolinone (22) which was first isolated
from Echinops echinatus in 1987.13 The reported preparation in-
volved the reaction of 4(3H)-quinazoline 5 with 2-chloroethanol
in the presence of a large excess of a phase-transfer catalyst
(PTC), in only 49% yield.14 With our methodology, echinozolinone
was synthesized in a single step from 5 and ethanolamine in 81%
yield (Scheme 3). This methodology clearly provides an alternative
route to the conventional alkylation reaction.
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Scheme 4. A plausible mechanistic pathway.
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Scheme 2. Nucleophile scope.
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Mechanistically, we hypothesize that the Mukaiyama reagent
first activates the N atom of the quinazolinone at the 3 position
leading to the formation of a pyridinium-quinazolinone intermedi-
ate 23 (Scheme 4). Attack of the primary amine on the amide moi-
ety results in the ring opening product, enamine 24. Cyclization
followed by elimination of an aminopyridinium generates the ob-
served product 9.

In conclusion, a new synthetic method to 3-alkylquinazolin-4-
ones has been developed employing Mukaiyama’s reagent as a
coupling agent. This reaction offers several advantages including
mild conditions, less by-product formation, high compatibility as
well as the use of an inexpensive, commercially available activator.
Further studies on the scope of the Mukaiyama reagent promoted
C–N bond formation as well as mechanistic investigations are un-
der study and will be reported in due course.
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