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1. Introduction

4(3H)-Quinazolinone and its derivatives constitute an important
class of fused heterocycles that found in more than 100
naturally occurring alkaloids.® From a synthetic point of view,
the first 4(3H)-quinazolinone compound 1 was obtained as
early as 1869 from anthranilic acid and cyanogen.? Intense
search for biologically active substrate in this series was
stimulated in the early 1950s with the elucidation of an
alkaloid, febrifugine 2, which is an ingredient of a traditional
Chinese herbal remedy, effective against malaria.> Meantime
(in 1951), methaqualone 3 was synthesized and it is the most
well-known 4(3H)-quinazolinone based drug.* It has sedative
and muscle relaxant effects, although it causes
photosensitization as a side effect (the marketing of
methaqualone was terminated in 1984). At the moment, several
marketed drugs® which function as hypnotic/sedatives contain a
4-quiazolinone core. The wuse of 4(3H)-quinazolinone
derivatives has also been proposed in the treatment of cancer.
As the actual example, Raltitrexed 4 (brand name: Tomudex),
which launched in 1996 by Astra-Zeneca, is an antimetabolite
drug used in cancer chemotherapy.

The 4(3H)-quinazolinone systems are now known to have a
wide range of useful biological properties, e.g., anticancer,
antiviral, anti-inflammatory, anti-microbial cholineesterase
inhibitor, antifolate, antitumor, protein kinase inhibitor and
many others.® A few illustrative examples of quinazolinones
that show potentially pharmacological activities” ® are listed in
Fig.2. Regarding the importance of 4(3H)-quinazolinones,
many useful synthetic procedures have been developed for their
preparation. The comprehensive review by Guiry has covered
the literature about methods for the construction of the 4(3H)-
quinazolinones up to the end of 2004.° Eguchi summed the
chemistry of bioactive quinazolinone-based natural alkaloids in
2006.2° After that, relatively few reviews have appeared on

This journal is © The Royal Society of Chemistry 2013

the synthesis of valuable 4(3H)-quinazolinones.

4(3H)-quinazolinone  synthesis. We are focusing on
carbonylative synthesis of heterocycles and the carbons in
quinazolinones are potentially can be introduced by
carbonylations. Therefore, we try to give an overview of the
synthetic routes and strategies recently reported for the
generation of highly functionalized 4(3H)-quinazolinones.
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Fig. 1 Synthetic and natural quinazolinones.
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2. Synthesis of 4(3H)-quinazolinone and derivatives

2. 1 Niementowski quinazolinone synthesis

The most common method for 4(3H)-quinazolinone
synthesis is based on the Niementowski reaction by the fusion
(130-150°C) of anthranilic acid analogues with amides,
proceeding via an o-amidobenzamide intermediate (Scheme 1).
The reaction yield in such conditions is variable and sometimes
low vyields were observed accompanied by complicated
mixtures of carbonaceous compounds and impurities which
were difficult to eliminate, even by column chromatography or
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recrystallization. To overcome these problems, Besson et al.!*  techniques, new efficient routes to novel fused quinazolinones
have re-investigated the Niementowski synthesis of the 4(3H)-  (Scheme 2) have been developed.'® 3

quinazolinone using microwave irradiation and have improved

the yields and reduced the reaction time. By using microwave
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Fig. 2 Selected examples of quinazolinones with pharmacological activities.
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Scheme 1 The Niementowski reaction: a) 130-150°C, 6 h; b) Besson’s microwave conditions: MW (60 W), 20 min.

OH fo)

Pz NH ¢ N
| THE rt = NJ}( N graphite, 220°C, 5 min
s ) Cl ’ NH NH, 100W, sealed vial

Scheme 2 Microwave-assisted Niementowski reaction for the synthesis of novel pentacyclic heterocycles.

o) o S N/\
AN OM HoN i R
e 2
RT- TN, N N/\ N N/\ NH, = N/)\WN 0
_ n — » RF — =
N s Ry o N N

Desai et al. extended the microwave-assisted Niementowski quinazolinones instead of the 2-substituted derivatives. The
reaction to synthesize 3-substituted/2,3-disubstituted-4(3H) methodology is environmentally benign and completely

2| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012



Page 3 of 15

eliminates the need of solvent for the reaction.* Vanelle et al.
have investigated the preparation of new anticancer agent
precursors in a quinazoline series.’® The Niementowski reaction
could be easily and rapidly performed, affording the
intermediate  2-chloromethyl-6-nitroquinazolin-4(3H)-one in
good yield (Scheme 3). This compound served as a substrate
for the synthesis of several new quinazolines, bearing various
substituents in position 2.

1) MW, 300W
O,N CN o]
2 5 min, 50 °C. O:N
cl ) UHP,K,CO4 )\/m
NH,
MW, 500W

1.5h,70°C
UHP = urea hydrogen peroxide

Scheme 3 The preparation of 2-substituted quinazolines

In 2011, Srinivasan et al. reported a new, rapid and a
versatile approach using DMSO and ionic liquid as a chemical
catalysts for the Niementowski synthesis of fused 4(3H)-
quinazolinone (Scheme 4).2® High to excellent isolated yields
(83-92%) were obtained with easy workup procedure. The
enhanced reactivity was attributed to the inherent Bronsted
acidity of ionic liquid and high polarity of both IL and DMSO.
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Scheme 4 Niementowski synthesis of modified quinazolinones

2. 2 Aza-Wittig methodology in 4(3H)-quinazolinone synthesis

The aza-Wittig reactions of iminophosphoranes (Eguchi
protocol) have become a powerful tool towards the construction
of nitrogen heterocyclic compounds. Following the tandem aza-
Wittig/cyclization strategy, various 2-substituted
quinazolinones are synthesized starting from functional
iminophosphorane bearing an amido group. A successful
simple application of the aza-Wittig methodology is the
convergent total synthesis of (-)-benzomalvin A,'” a microbial
broth for neurokinin receptor antagonists. As the final drive to
(-)-benzomalvin A, the iminophosphorane reacted with the
imide carbonyl function to afford the desired product in 80%
overall yield (Scheme 5).

This journal is © The Royal Society of Chemistry 2012
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Scheme 5 The final step for the (-)-benzomalvin A synthesis

By combinations of aza-Wittig methodologies and Cu'-
catalysed heteroarylation processes, Molina et al. have
developed an efficient route for the preparation of the not
readily available linear or angular tetracyclic ring systems
incorporating quinazolinone moieties (Scheme 6).* The
approach is based on the use of (arylimino)phosphoranes
bearing N-(o-substituted- aryl)carboxamide substituents at their
ortho positions. The presence of nitrogen functionality in the N-
aryl substituent of promotes heterocyclization after an aza-
Wittig reaction/reductive process. Iminophosphoranes also
reacted in aza-Wittig-type fashion with carbon disulfide to
provide functionalized aryl isothiocyanates.
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Scheme 6 Preparation of fused tetracyclic quinazolinones

A fundamental approach has been reported by the Wu group
for the synthesis of novel 3-aminoalkyl-2-arylaminoquinazolin-
4(3H)-one and 3,3'-disubstituted bis-2-arylaminoquinazolin-
4(3H)-ones via a tandem aza-Wittig reaction of 1-aryl-3-(2-

o)
o 1. AINCO
— >
PPh
N 2. H,NRNH,

ethoxycarbonylphenyl)carbodiimides with primary diamines
(Scheme 7).1° The benefits of the method include mild reaction
conditions, high selectivity, good yields, easily accessible
starting materials and straightforward product isolation.

- RNH 00
N/)\”/Ar NYN\R/NYN

NHAr NHAr

Scheme 7 The synthesis of 3-aminoalkyl-2-arylaminoquinazolin-4(3H)-one and 3,3'-disubstituted bis-2-arylaminoquinazolin-4(3H)-one.

The use of polymer-supported reagents in organic synthesis
effectively reduces workup and purification to a simple
filtration. To date, a number of solid-phase approaches to
quinazolinones have been developed and the related literature
has been reviewed by Vogtle and Marzinzik in 2006.%°
Recently, Ding et al. reported an efficient synthesis of 4(3H)-
quinazolinones in parallel fashion via poly(ethylene glycol)
(PEG) supported aza-Wittig reaction (Scheme 8).%
Commercially available cheap difunctional PEG-4000 was
chosen as a soluble polymer support. A variety of secondary
amine and isocyanate could be used for this synthetic strategy
and the products were obtained in good yields.
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Scheme 8 Polymer-supported reagents for the synthesis of
4(3H)-quinazolinones.

2. 3 Quinazolinone synthesis via benzoxazinone intermediate

During the last decade, 4(3H)-quinazolinone syntheses via
benzoxazinone intermediates have become very popular.
Chenard et al has described a succinct SAR program that led to
the discovery of piriqualone CP-465,022, a potent antagonist
that interacts with the receptor through an allosteric site. The
synthetic route to piriqualone (Scheme 9)?> combines three
steps: anthranilic acid is converted to the benzoxazin-4-one

4| J. Name., 2012, 00, 1-3

with hot acetic anhydride in acetic acid. Subsequent reaction
with a suitable aniline fragment in refluxing acetic acid
installed the ortho toluidine ring. Finally, condensation of this
2-methyl-3-aryl-quinazolin-4-one with pyridine-2-
carboxaldehydes provided the target compounds.

O
COOH
Ac;0,HOAC O  o-toluidine,HOAc
B — e T e
reflux NG reflux
I j@
2 -pyridinecarboxaldehyde A N
)\ (A~
ZnCl,, Ac,0, dioxane, reflux N |
Piriqualone

Scheme 9 The synthetic route to piriqualone.

Similarly, Kamal et al. synthesized a series of novel
quinazolinone linked pyrrolobenzodiazepine (PBD) conjugates
(Scheme 10).2 The first synthetic step involved the
condensation of 5-hydroxy anthranilic acid with acetic
anhydride to afford benzoxazinones. By using this
methodology, they also prepared a series of methaqualone
analogs and 3-diarylethyne quinazolinones (a new class of
senescence inducers).

This journal is © The Royal Society of Chemistry 2012
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Scheme 10 The initial steps for the synthsis of quinazolinone
linked pyrrolobenzodiazepine (PBD) conjugates.

A microwave-promoted synthesis of 2,3-disubstituted 3H-
quinazolin-4-ones with broad scope was developed by Liu and
co-workers.?* The key step is the one-pot, two-step reaction
sequence combining anthranilic acids, carboxylic acids, and
amines providing efficient access to the desired heterocycles
(Scheme 11). They further designed a microwave-promoted
three-component one-pot reaction for the synthesis for the
pyrazino[2,1-b]quinazoline-3,6-dione scaffold (Scheme 11),%°
which is common to several families of alkaloids with
significant biological activities.
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Scheme 11 Microwave-promoted synthesis of quinazolinones
via benzoxazinone intermediate.

A new series of 3-arylquinazolines was prepared by Giingér
et al.?® Although compounds of general formula were prepared
by different methods depending on the nature and the positions
of the substituents, most of them were obtained via
benzoxazinone intermediate. Giridhar et al synthesized various

This journal is © The Royal Society of Chemistry 2012
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2,3-diaryl-4(3H)-quinazolinones and evaluated for their anti-
inflammatory activity (Scheme 12).? Interestingly, the reaction
of 2-phenyl-3,1-benzoxazin-4(3H)-one and 2-aminopyridine
yielded diamide under milder conditions (at lower
temperatures, 100°C), while at higher temperatures (200°C) the
cyclized product 4(3H)-quinazolinone was isolated (route B).
This observation is restricted to compounds having the pyridyl
ring either in the 3,1-benzoxazin-4(3H)-one component or in
amine component. For their cyclization into the final
quinazolinones, a catalytic amount of anhydrous zinc chloride
(route A) was used.

For the design of newer antibacterials, Boyapati et al.
described the synthesis of novel quinazolinones with
substitution of OCH,CONH, (oxymethylcarbamide) group at
the 4™ position (Scheme 13),2® which were known to enhance
the biological activities. For the preparation of desired products,
anthranilic acid underwent cyclization with benzoyl chloride in
pyridine at 0-5 °C to give 2-phenyl-(4H)-3,1-benzoxazin-4-one.
Then, the obtained intermediate, on the reaction with
formamide, results in the more stable 2-phenyl-4(3H)

quinazolinone.
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Scheme 12 2,3-Diaryl-4(3H)-quinazolinones synthesis.
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Scheme 13 Synthesis of 4-substituted quinazolines.

In 2013, Gupta et al. reported the synthesis and biological
evaluation of some new quinazolin-4(3H)-ones derivatives
(Scheme 14) as anticonvulsants.®® The first step is the
condensation of anthranilic acid and benzoyl chloride in the
presence of pyridine. The treatment of the obtained 2-phenyl-
benzo[d][1,3]oxazin-4-one with hydrazine hydrate yielded 3-
amino-2-phenyl-1H-quinazolin-4-one.  Using the similar
method, Alagarsamy and Saravanan obtained eighteen novel
quinazolin-4(3H)-one derived pyrazole analogs.*
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Scheme 14 Synthesis of quinazolinone derivatives.
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2.4 Cyclocondensation of anthranilic acid, ortho esters (or
formic acid), and amines

As a type of multi-component reactions (MCRs), one-pot
condensation of anthranilic acid, ortho esters esters (or formic
acid) and amines is one of the most straightforward procedures
for the preparation of 4(3H)-quinazolinones (Scheme 15).
Different acid catalysts are known to affect this condensation.
Khosropour et al. have demonstrated Bi(TFA); immobilized on
[nbp]FeCl, could catalyzed the condensation with high to
excellent yields of the 4(3H)-quinazolinones.®® The notable
features of this procedure are mild reaction conditions (room
temperature), clear reaction profiles, improved yields for both
anilines and primary amines, enhanced rates and simplicity in
operation. Moreover, the reusability, stability and non-toxicity
of the catalyst and ionic liquid are other noteworthy advantages
of this method.

O
H
COOH R.C(OR,) N’R2
+ —
or + R3NH, /)\
NH, NT R,

HCOOH

Scheme 15 One-pot condensation of anthranilic acid, ortho
esters esters (or formic acid) and amines.

Hamdi et al. have found that the use of Keggin-type
heteropolyacids (HsPW1,040-13H,0) coupled with microwave
irradiation allows a solvent-free, rapid condensation reaction.®?
Compared to the conventional method, the reaction time was
ten-fold shorter (13 min for microwave irradiation versus 120
min for conventional heating). By using Keggin-type
heteropolyacids as efficient, reusable, and eco-friendly
heterogeneous inorganic catalysts, Heravi et al. developed a
simple multi-component synthesis of 4-arylaminoquinazolines
from the reaction of 2-aminobenzamide, orthoesters, and
substituted anilines.®® As a related work, they also reported
another method for the preparation 4(3H)-quinazolinones from
reaction of 2-amino-benzamide, acylchlorides in the presence
of catalytic amounts of (H;4[NaPsW300140])/SiO, under ultra-
sonic irradiation.®*

Recently, Wang et al. found that SrCl,-6H,0 could be used
as an efficient and recyclable catalyst in one-pot condensation
of anthranilic acid, ortho esters and amines leading to the
formation of 4(3H)-quinazolinone derivatives in good yields at
room temperature under solvent-free conditions.*® The method
offers several advantages including simple work-up, mild
conditions, commercially available catalyst, and the relatively
clean procedure.

A new approach to the facile synthesis of 2-substituted-
quinazolin-4(3H)-ones and its derivatives using the
condensation reaction of substituted 2-aminobenzamide and
orthoesters is reported by Huang in 2011.% Interestingly, the
reaction proceeds without organic solvent and in the absence of
basic or acidic catalyst.

To elucidate the mechanism of action and investigate the
drug metabolism of 4(3H)-quinazolinones, the preparation of

This journal is © The Royal Society of Chemistry 2012
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suitable metabolically stable carbon-14 labels were required.
Saemian et al. obtained the quinazolin-4(3H)-ones-[4-*C] from
2-aminobenzoic acid-[carboxy-*C], formic acid and amine.®’
The reaction performed under microwave condition in the
absence of solvent or any dehydrating agents.

2.5 Oxidative heterocyclization for 4(3H)-quinazolines synthesis

Bakavoli et al. have synthesized 4(3H)-quinazolines in one-
pot by the oxidative heterocyclization of o-aminobenzamides
with aldehydes in the presence of KMnO, under microwave
irradiation (Scheme 16).%® They also developed the 1,/KI
mediated oxidative cyclocondensation of o-amminobenzamide
with various aldehydes.*® In ethanol-water or boiling water, the
target 4(3H)-quinazolines formed in in good to excellent yields.

O
Ry mlcrowave Ry N’H
)L Ry
NH, 3-5 min | "
H
O KMnO,
R4 N/H
_
P,

Scheme 16 Microwave activated oxidative heterocyclization.

In 2008, Seidel et al. reported the syntheses of
deoxyvasicinone and rutaecarpine by the potassium
permanganate promoted oxidation of aminals, which in turn
were obtained from the condensation of o-aminobenzaldehydes
and simple secondary amines (Scheme 17).° Later, the same
group showed that quinazolinone alkaloids and their analogues
can be synthesized from their corresponding aminals by using a
copper(ll) acetate/acetic acid/O, and potassium iodide/tert-
butylhydroperoxide systems.** The use of acetic acid in
addition to O, and catalytic copper(ll) salts was determined to
prevent overoxidation of dihydroquinazolines, allowing access
to these structures under mild conditions.

This journal is © The Royal Society of Chemistry 2012
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N
—_— >
" '
HN HN

rutaecarpine
Scheme 17 The syntheses of deoxyvasicinone and rutaecarpine.

A solid-phase combinatorial synthesis of 2-arylquinazolines
and 2-arylquinazolinones via oxidative coupling of aromatic
aldehydes with 2-aminobenzylamines or 2-aminobenzamide
was developed by Hioki and co-workers.*> Darco KB (a sort of
activated carbon) was shown to be an effective catalyst for the
air oxidation (Scheme 18).

(o}

NH, air, Darco KB

_CgH
o C9H19

(o)

Scheme 18 Darco KB catalyzed oxidative heterocyclization.

Mulakayala et al. reported a convenient and practical InCl;-
catalyzed condensation of aromatic aldehydes with 2-
aminobenzamides to quinazolinones (Scheme 19) in 2012.%3
Compared to conventional Lewis acids, InCl; has advantages of
higher stability in water, operational simplicity, strong
tolerance to oxygen and nitrogen containing substances and
functional groups and it can often be employed in catalytic
amounts.

J. Name., 2012, 00, 1-3 | 7
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Scheme 19 InCls-catalyzed synthesis of 5-aryl pyrazolo [4,3-
d]pyrimidin-7(6H)-ones.

Very recently, our group reported an interesting procedure
for quinazolinones synthesis by the reaction of 2-
aminobenzamide with aldehydes under catalyst free conditions
(Scheme 20).** Halogen and electron-withdrawing functional
groups in aromatic aldehydes are tolerable and gave the desired
products in good to excellent yields. Several heterocyclic
aldehydes were applied as substrates because of the interesting
biological activities of heterocycles, the corresponding 2-
heterocyclic substituted quinazolinones were synthesized
straightforward in good yields. Even aliphatic aldehydes were
reacted with 2-aminobenzamide as well and gave the
corresponding alkyl-substituted products in good yields, which
are difficult in previous methodology. Furthermore, we
exploited the reactivity of stable alcohol for the synthesis
quinazolinones via a zinc-catalyzed oxidation procedure. As
expected, various desired products were prepared in good to
excellent yields in one-pot one-step manner.

_TBHP.HO NH
110°C 16h
Ar
Q O
NH
2 A SoH Znly, TBHP NH
NH, DMSO, 110°C N/ A

Scheme 20 Oxidative synthesis of quinazolinones.

2.6 Synthesis of quinazolinones under transfer hydrogen
conditions

The N-alkylation of amines with alcohols via a hydrogen
transfer strategy has become a useful tool for C-N bond
formation. This domino reaction sequence is based on the
dehydrogenation of the alcohol in situ to give the corresponding
aldehyde or ketone. Subsequent imine formation followed by
reduction with the hydrogen initially produced leads to the N-
alkylated amine. Based on this methodology, Zhou et al.
demonstrated a one-pot synthesis of quinazolinones between
primary alcohols and o-aminobenzamides via Ir-catalyzed

dehydrogenations under base-free conditions (Scheme 21).*°

8 | J. Name., 2012, 00, 1-3

Notably, they extended this operationally convenient method
towards the synthesis natural products including sclerotigenin
and pegamine.’® A similar reaction for the synthesis of 4-
phenylquinazolinones via a Pd-catalyzed domino reaction of o-
aminobenzamides with benzyl alcohols were reported by
Yokoyama and co-workers.*” A mechanism that quite different
from Ir-catalyzed hydrogen transfers process was proposed.
The oxidative additions of benzyl alcohols to Pd® afford the (n°-
benzyl)palladium complex in aqueous media, which plays an
important role in the benzyl transfer and C—H activation
(Scheme 22). Furthermore, subsequent reaction steps for C—H
activation require an oxidant capable of converting palladium to
a higher oxidation state, and benzyl alcohols work for
regeneration of Pd'" species to toluene in the system.

0 (o}
~ NH, A~ [Cp*IrClyl; N NH
|/ _ + Ry OH — | /I\
R, NH, xylene/reflux [ N/ ,
f
(e}
[Cp*IrCly], Q
EtOH as solvent N
CoMe  __———— /)\ CO,Me
NH, sealed tube N 2
150 °C, 24 h,N,
Bry AcOH
reflux, 3 h
(o}
(e}
NH3/MeOH (7N) N
N B
o sealed tube — CO,Me
7N\ NH N
N 65°C, 4 h
Br
sclerotigenin
o
NH,
O
NH,
[CpIrCly]; NH
+ - -
xylene/reflux MOH
Ho\/\/\ N
OH .
pegamine

Scheme 21 Ir-catalyzed synthesis of quinazolinones between
primary alcohols and o-aminobenzamides.

Usually, the amino group is prepared from the corresponding
nitro group via a reduction process using a stoichiometric
amount of metal/acid or hydrogen. As for the synthesis of
quinazolinones, the direct use of commercially available and
inexpensive nitroarenes and alcohols as starting materials is
highly attractive. In this straightforward transformation, the
alcohol conceivably might serve two possible functions: as
hydrogen source for nitro reduction and as alkylating reagent

This journal is © The Royal Society of Chemistry 2012
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Scheme 22 Pd-catalyzed synthesis of quinazolinones starting
with benzyl alcohol.

NH,

Ph

based on the catalytic hydrogen transfer. In 2013, Deng et al.
showed that a series of 2,3-diarylquinazolinones can be
synthesized from nitrobenzamides and alcohols using nontoxic
iron as catalyst (Scheme 23).*® Halogens as well as other active
groups were well tolerated under the given reaction conditions.

(e}
Ra

N
R, H o
NO, Rz
dppf N
+ L»Fﬂ
Ar, 160 °C N/)\A
Ar” > OH ’ g

Scheme 23 Fe-catalyzed method for the synthesis of 2,3-
diarylquinazolinones.

2.7 Formation of quinazolinones via radical cascades

An elegant approach for the total synthesis of luotonin A
based on radical cascade was reported by Malacria et al.,
involving N-acyl cyanamides (Scheme 24).%° 0 A broad variety
of pyrimidones fused with alkyl, aryl, or heteroaryl moieties
can be prepared this way. A detailed mechanism study®
showed that the central feature of the reaction was the radical
migration of hydrogen atoms or carbon substituents triggered

by rearomatization of a cyclohexadienyl radical.
o]

N N3 ppp, C|)J\Ar NaH, BrCN
_— —_—
N7 N THFH,O  EtN, CHZCIZ
o}
N
~
| |

sunlamp

luotonin A

Scheme 24 Total synthesis of luotonin A.
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Chiba et al. developed a concise syntheses of biologically
active quinazolinone derivatives via oxidative radical skeletal
rearrangement of 5-aryl-4,5-dihydro-1,2,4-oxadiazoles induced
by molecular oxygen (Scheme 25).5% %% The product selectivity
was realized by the difference of the reaction temperature as
well as the choice of solvents and inorganic bases. This atom-
and step-economical approach allows the facile construction of
quinazolinone cores under tin-free aerobic radical conditions.

N—OQ o

e

Scheme 25 Oxidative radical skeletal rearrangement of 5-aryl-
4,5-dihydro-1,2,4-oxadiazoles into quinazolinones.

RZ\

A *

02 (under air)

DMSO, 120 °C

2.8 Transition metal-catalyzed N-arylation for quinazolinone
synthesis

Transition metal-catalyzed catalyzed Ullmann N-arylations is
considered to be an important strategy that finds wide
applications in the synthesis of many substances. In this context,
Fu et al.and co-workers have developed efficient copper-
catalyzed N-arylations for the preparation of quinazolinone
derivatives (Scheme 26).>* Notably, they demonstrated that the
coupling reactions of 2-bromo- and iodobenzoic acid
derivatives with amidines can be performed well at 25 °C
without the addition of a ligand or an additive. Even nonactive
substrates, such as 2-chlorobenzoic acid or guanidines, can be
readily transformed into the corresponding quinazolinone in the
presence of Cul at 80 °C. This method represents the first
example of constructing N-heterocycles under ligand-free
copper catalysis at room temperature. Following that, they
described an iron-catalyzed cascade synthesis of 1,2,4-
benzothiadiazine 1,1-dioxide and quinazolinone derivatives.*®
The same group also reported a novel and useful domino
method for construction of quinazolinones using readily
available amino acids as the nitrogen-containing motifs.>® Most
recently, they succeed in preparation of isoquinolino[2,3-
aJquinazolinones via a copper-catalyzed method.®” The process
comprises an Ullman-type C-arylation, intramolecular addition
of NH with CN, and nucleophilic attack of amino to ester group.

(e}
SN NH
| OH >/NH2 Ly Cul Cs,CO; | AN NH
+ — >
// —
~ X Ro DMF, 12 h 1// N R,
0 ~ 3
TR
AN N X
| H
Y& COOMe  cul, no ligand
Ry X __orL-proline
+ Base, DMF // =
100 °C, N,
NC” R,

Scheme 26 Cu-catalyzed synthesis of quinazolinone derivatives.
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An efficient iron-catalyzed synthesis of a series of
quinazolinone derivatives in both H,O and DMF under
microwave irradiation was developed by Liu and co-workers.*®
This is the first report of iron-catalyzed C—N coupling forming
N-heterocycles in agueous media. Later, they also described an
iron/copper co-catalyzed synthesis of 2-methylquinazolin-
4(3H)-one under microwave irradiation.>

To meet the challenges of sustainable pathways for organic
transformations, Wang et al. report an efficient magnetically

recoverable and reusable Fe;O, nanoparticle-supported copper(l)

catalyst and its application in cascade reactions of amidines
with substituted 2-halobenzoic acids and 2-bromocycloalk-1-
enecarboxylic acids to synthesize quinazolinone and bicyclic
pyrimidinone.®® Recovery of the catalyst by decantation of the
reaction mixture in the presence of an external magnet is easy
and efficient. The catalyst was recycled over 10 times in
reactions without any obvious loss in its activity.

A facile and efficient approach for assembling substituted
quinazolinones has been developed by Ma group (Scheme
27).8* Conveniently available amides could serve as suitable
nucleophiles for coupling reactions with N-substituted o-
bromobenzamides, affording 3-substituted and 2,3-disubstituted
quinazolinones after spontaneous or HMDS/ZnCl, mediated
condensative cyclization. The usage of this protocol has been
demonstrated by formal synthesis of dictyoquinazol A and

preparation of methaqualone.
o]
| SN N/Rz
A
R N

R

Br
R Cul/4-OH-L-proline

_—
Cs,CO3; DMF, 80 °C

+
o}
HJ\NH2

o)
SN N
| 0
1// Br 1.Cul/4-OH-L-proline R,
.
. Cs,CO; DMF, 80 °C N N
—_—
—
o 2HMDS, ZnCl, DMF A2\ g,
rt-80 °C 1

Ry” “NH,

Scheme 27 Cu-catalyzed aryl amidation.

Li et al were prompted to develop a scalable synthesis of
pyrido[4,3-d]pyrimidin-4(3H)-one (Scheme 28), which is an
orally active calcium-sensing receptor (CaR) antagonist
targeted for the treatment of osteoporosis.®? The first attempt
using Cul mediated conditions gave the desired product;
however, the reaction proceeds to 50% conversion at best,
despite all optimization efforts with or without ligands used in
the reaction. They quickly switched over to Pd-catalyzed
methods and found the Pd,(dba)s/Xantphos system gave
complete conversion and afforded a clean reaction profile by

10 | J. Name., 2012, 00, 1-3

HPLC analysis. The amidine N-arylation worked well with 2-
bromo or iodo benzoate methyl esters to give quinazolin-
4(3H)-ones in a one-pot synthesis.

CF; O
NI B OH CFs O =
_ H
! Pdy(dba)y/Xantphos N~ X NS
> ||
N
Cs,CO3 t-amyl alcohol = N/
OH
Ph
I OH
NH—,
NH

Scheme 28 Synthesis of pyrido[4,3-d]pyrimidin-4(3H)-one.

2.9 Palladium-catalyzed carbonylative synthesis of 4(3H)-
quinazolinones

Since the original works from Heck and co-workers in 1974,
Pd-catalyzed carbonylations have experienced impressive
progresses during the last decades.® In nowadays, Pd-catalyzed
carbonylative transformation has already become a unique,
powerful, and versatile tool for the synthesis of carbonyl
containing heterocyclic compounds. In this contribution,
Alper’s group has developed an effective Pd-catalyzed three-
component reaction of o-iodoanilines, imidoyl chlorides, and
carbon monoxide affording substituted quinazolin-4(3H)-ones
bearing a variety of functional groups in 2008 (Scheme 29).%*
The same group also demonstrated a simple and efficient
strategy for the one-step synthesis of potentially important 2-
heteroquinazolin-4(3H)-one derivatives by palladium-catalyzed
intermolecular addition and intramolecular cyclocarbonylation
cascade reaction protocol.®® Based on the same strategy, an
elegant domino process has also been developed for the
synthesis of quinazolino[3,2-a]quinazolinones by forming five
new bonds in a single step.%

o}
R R R
N Pd(OAc),/PPh; N2
* )l\ //I\
H> ¢l Rz CO, Et3N, THF N Rs
o}
_Ar
Pd(OAc),/PPhg N
+ NuH F— . /)\
Naar CO, K,CO,, THF N Nu

Ry [
: :N
|
@EN//C//
Ro
: I

o
R "
Pd(OAc),/PPh;
+ RNH, ———— = /)\
N=C=N CO, K,CO3, THF NT N7

Ry

Scheme 29 Alper’s work on Pd-catalyzed carbonylative
synthesis of 4(3H)-quinazolinones
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An interesting Pd-catalyzed intramolecular C(sp?)-H
carboxamidation was reported by Zhu and co-workers (Scheme
30). The reactions were carried out in acetic acid, under one bar
of CO together with one equivalent of CuO, various
quinazolinones were produced from N-arylamidines in good
yields.®” Compared with existing approaches to quinazolin-
4(3H)-ones, this strategy features atom-economy and step-
efficiency as no atoms except protons in substrates are lost
during the process.

0
H Pd(OAC),
R, N NH CuO 7 NH
s Rio—
= ”J\Rz €O, HOAc, 110 °C ZSNE R,

Scheme 30 Synthesis of 4(3H)-quinazolinones via Pd(ll)-
catalyzed C-H carboxamidation of N-arylamidines

Recently, Willis et al. demonstrated that N-(o-
halophenyl)imidoyl chlorides or imidates can be utilized as
complementary precursors for the synthesis of quinazolinones
by incorporation of a palladium-catalyzed aminocarbonylation
reaction workers (Scheme 31).% Under atmospheric pressure of
CO, 2,3-disubstituted quinazolinones were produced in good to
excellent yields. The use of amine nucleophiles bearing a range
of substituents delivered quinazolinones in high yields.

X ; R
AN Y Pd(OAc),/ligand AN N

n
R N/)\Rz R A

CO, NH,R, N~ R,

X=Br,Cl;Y=CI
X=Br,Cl;Y=0R3

Scheme 31 Synthesis of 2,3-disubstituted quinazolinones from
N-(o-halophenyl)imidoyl chlorides or imidates

A straightforward procedure for the carbonylative synthesis
of quinazolinones from aryl bromides and 2-aminobenzamide
has been developed by our group (Scheme 32).%° Significant
variation of the substrates allowed for the preparation of
structurally diverse quinazolinone products. We envisaged that,
as an appealing alternative to 2-aminobenzamide, 2-
aminobenzonitrile can be applied as substrates in
quinazolinones synthesis via in situ hydration of the nitrile
group into amide. Followed by the guidance of this idea, we
succeeded in preparation of quinazolinones from 2-
aminobenzonitriles and aryl bromides using K,CO; as an
inexpensive base in aqueous solution.”® Given the importance of
quinazolinones and carbonylative transformations, we recently
developed a palladium-catalyzed four-component carbonylative
coupling system for the synthesis of 4(3H)-quinazolinone in a
concise and convergent fashion (Scheme 33)."! Starting from
commercially available 2-bromoanilines, amines and ortho-esters
and CO, the desired products were isolated in good vyields in the
presence of Pd(OAc),/BuPAd,. Of significant practical importance is
that the process tolerates a wide variety of synthetically useful

This journal is © The Royal Society of Chemistry 2012
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functional groups, thus opening up a new avenue for efficient and
sustainable production of highly functionalized 4(3H)-quinazolinone
compounds. The method was used in the successful synthesis of the
precursor for the bioactive dihydrorutaempine (Scheme 33).

o]

~
@[ O/ d(OAC) 2/BuPAd2 N | AN
CO, base, DMSO/HZO /\’R

Scheme 32 Three-component Pd-catalyzed carbonylative
synthesis of 4(3H)-quinazolinones

Pd(OAc 2/BuPAd2 NG X

CO base, dioxane N

RC(OMe);

Br Pd(OAC),/BuPAd, N2
+ or + RNH, ——mM8M8MMm™
NH, RC(OEt) CO, base,Dioxane N R

Ry 1

NH,

Br
Pd(OAC),/BUPAd
(:[ + HC(OMe); + N L,
NH, N .

CO, base,Dioxane

HN Bergman procedure

71% isolated yield

7
HN

Iz

dihydrorutecarpin

Scheme 33 Four-component Pd-catalyzed carbonylative
synthesis of 4(3H)-quinazolinones

3. Conclusion

In the present review, we attempted to highlight the recent
development in the synthesis of 4(3H)-quinazolinone, which is
a privileged scaffold in the pharmaceutical community for their
therapeutic potential in treating a number of diseases. The
complementarity of concise approaches facilitates the
generation of libraries of functionalized 4(3H)-quinazolinone
derivatives.
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