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Graphical Abstract

Synthetic approaches, functionalization and therapatic potential of quinazoline and

quinazolinone skeletons: The advances continue...
Imtiaz Khari*, Aliya Ibrar®*, Wagas Ahmet Aamer Saeéd
®School of Chemistry, University of Nottingham, Uersity Park, Nottingham, NG7 2RD,
United Kingdom
PDepartment of Chemistry, Quaid-i-Azam Universitglamabad-45320, Pakistan
“Office of Research, Innovation and Commercializatidniversity of Gujrat, Gujrat-50700,
Pakistan

The current review article summarizes the receneld@ments in synthetic methodologies for
the construction of quinazoline and quinazolinoretelocycles. Mechanistic investigations,

applications, product manipulations and biologjmatiential have also been discussed.
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Abstract

The presence dfl-heterocycles as an essential structural motifwargety of biologically active
substances has stimulated the development of mategies and technologies for their synthesis.
Among the variouqN-heterocyclic scaffolds, quinazolines and quinamoies form a privileged
class of compounds with their diverse spectrumhefapeutic potential. The easy generation of
complex molecular diversity through broadly appbiea cost-effective, practical and sustainable
synthetic methods in a straightforward fashion glevith the importance of these motifs in
medicinal chemistry, received significant attentfoom researchers engaged in drug design and
heterocyclic methodology development. In this pecsipe, the current review article is an effort
to recapitulate recent developments in the ecovditieand green procedures for the construction
of highly challenging and potentially bioactive gazoline and quinazolinone compounds in
order to help medicinal chemists in designing ayntteesizing novel and potent compounds for
the treatment of different disorders. The key madie insights for the synthesis of these
heterocycles along with potential applications amhipulations of the products have also been
conferred. This article also aims to highlight gremising future directions for the easy access
to these frameworks in addition to the identifioatiof more potent and specific products for

numerous biological targets.

Keywords: Bioactive heterocycles, Synthetic methods, Crosgpliog reactions, Inhibitors,

Enzymes, Biological potential



1. Introduction

Nitrogen-containing heterocyclic compounds are rifwst abundant and integral scaffolds that
occur ubiquitously in a variety of synthetic dru@spactive natural products, pharmaceuticals
and agrochemicals. Owing to their widespread apptos, these skeletons have long been a
subject of immense interest, and substantial effbdve been made to the development of
synthetic strategies which could lead to the discpwf new bioactive compounds in medicinal
chemistry [1]. Indeed, with particular referenceth® pharmaceutical industry, heterocyclic
motifs are especially prevalent with over 60% af tbp retailing drugs containing at least one
heterocyclic nucleus as part of the overall topphyeof the compound [2].

Quinazoline and quinazolinone derivatives haveaetéd significant attention due to their
diverse pharmacological activities such as antiotiial [3], antimalarial [4], anti-inflammatory
[5], antihypertensive [6], anticonvulsant [7], adiabetic [8], anticancer [9], cholinesterase
inhibition [10], dihydrofolate reductase inhibitiofil], and kinase inhibitory activity [12].
Quinazolines also exhibit a wide variety of biolgi functions like cellular phosphorylation
inhibition [13], ligands for benzodiazepine and GABeceptors in the central nervous system
[14], and some of them have acted as DNA bindingntgy[15]. They also act as effectine
adrenergic blocker, prazosin [16], bunazosin [Rrfll doxazosin [18], are useful medicines for
antihypertensives, proquazone and fluproquazonenaassteroidal anti-inflammatory drugs,
afloqualone as muscle relaxant, and diproqualortle sa@dative analgesic effects. KF31327 was
developed as a heart disease remedy and an impoteedicine [19]. In a recent report, 3,4-
dihydroquinazoline derivatives have been found éofggm excellent T-type calcium channel

blocking activity [20]. Some representative exarsfdee displayed in Fig. 1.

<Figure 1>



Quinazolinone and their derivatives [21] are alsdding block for approximately 150 naturally
occurring alkaloids isolated from a number of faesl of the plant kingdom, from
microorganisms and animals. Some of the compouncisrporating quinazolinone motif like
raltitrexed and thymitag possess antitumor acésifP2].

A vast number of quinazoline derivatives have bggrthesized to provide synthetic drugs and
to design more effective medicines. There are abauraf reviews [23] and monographs [24] on
quinazoline and quinazoline alkaloids. Recently, hee documented a formal collection of
significant developments (2013) [25] on the syrithetethods through which these heterocycles
(quinazolines and quinazolinones) could be accesdedg with diverse biological profile which
they possess. Some other groups also publishegendently the synthesis of quinazolinones
[26] and bioactive quinazolines [27], respectivelfhere has been no discussion on the
mechanistic aspects of key transformations. Sopmllary of these fascinating findings as well
as part of a programme aimed at discovering heyelioc structures with various
pharmacological properties, in general [28], anatantinuation of our previous work [25] on
these skeletons, we report here the very recentlalewents (2014) in the environmentally
benign, green, and efficient synthetic protocols ifnost cases) to access quinazoline and
guinazolinone derivatives from cheap and readilgilable commercial feedstocks. This review
also focuses on the mechanistic insights for tmeh®gis of these cores for key reactions, while
presenting successful synthetic applications amdiymt manipulations along with an array of
pharmaceutical and agrochemical applications.

2. Progress in Synthetic Methods

The number of new methodologies regarding the samhof quinazoline and quinazolinone

cores has dramatically increased from year to yA#rthese transformations provide rapid



access to new and original quinazoline and quimaaoé compounds, affording the possibility
of increasing structural diversity in a straightiard fashion starting from simple and common
substrates. The subject matter of current revieavnsed at providing a comprehensive overview
of recent (2014) developments.

2.1. Synthesis of Quinazolines

In this part, we outline examples dealing with siyathesis of quinazoline skeleton from readily
available feedstock.

Long and co-workers [29] developed a simple, fast efficient divergent synthesis of a broad
range of multisubstituted quinazolin&s by utilizing readily available amidine$ through
iodine(l1)-promoted oxidative C(Sp-C(sg) and C(sp)—N bond formation in nonpolar solvents
(Scheme 1). Under a fixed set of optimized condgjdhe scope of this annulation reaction was
explored delivering a range of quinazoline productexcellent yields. Various aromatic groups
with electron-withdrawing and electron-donating sitbhents at various positions were well
tolerated, affording the corresponding quinazolimegood to excellent yields. However, the
bulky naphthyl group gave quinazoline with loweelgi A significant extension in scope of the
reaction was also highlighted by tolerating sevether groups like bromo, chloro, or fluoro on

the aniline ring.
<Scheme 1>

Vanelle and co-workers [30] unfolded a practicald aefficient synthesis of 2,4,6,8-
tetrasubstituted quinazolin@sthrough one-pot chemoselective sequential RisHBis-Suzuki—
Miyaura reactions under microwave irradiation (Subke2). This approach allows rapid and

efficient access to desired products in high yields



<Scheme 2>

Prajapati and co-workers [31] succeeded to devatoefficient aza-Diels—Alder protocol for the
construction of 2,4-diaryltetrahydroquinazoline idatives 13 (Scheme 3). The reaction
proceeded well under both microwave and thermaditioms and can be tuned by varying the
time to obtain dihydroquinazoline derivatives untte@rmal heating. The cascade nature of the
transformation as well as in situ generation ohldbe diene and dienophile and their subsequent
cycloaddition makes this methodology, atom and stgmomic. The strategy allowed exploring
the scope of reaction with a range of substituteléheydes and the results revealed that the
nature of the substituent present in the aromatig of the aldehydes does not have any
significant impact on the yield of the reaction.yAaldehydes with both electron-donating as
well as -withdrawing substituents participatedhe teaction smoothly with comparable yields.
Overall, this one-pot method is simple, rapid affecient, and provides an alternative for the

construction of tetrahydroquinazolines in the absesf harmful organic solvents and additives.

<Scheme 3>

Baghbanian and Farhang [32] described an attrasiywhesis of quinazoline derivativég
using magnetically separable and reusable gdjfeanoparticles in aqueous media (Scheme 4).
Nano sized CuR©, was prepared by the thermal decomposition of CyjNénd Fe(NQ)s in
water in the presence of sodium hydroxide. Undetimoped reaction conditions, various
aromatic aldehydes afforded the corresponding mtsdin high vyields. The effect of the
substituent on 2-aminobenzophenone and aldehydeatees with regard to the reaction time

and yield has also been examined. In the presehedectron-withdrawing groups at the 5th



position of 2-aminobenzophenone, the reaction fimeeeased compared with electron-donating

groups.

<Scheme 4>

The possible mechanism for the synthesis of quina® using CuF®, NPs as the clean
catalyst is depicted in Fig. 2. The coordinationCafFeO, NPs with the carbonyl groups of 2-
aminoaryl ketones and aldehydes could increaseeligwrophilicity of carbonyl carbons and
enhance the subsequent nucleophilic attack of mhi@eeagroup and NEDAc. Afterwards, the
condensation of aldehyde with the amine leadsdonahe 16 and then this intermediate, by the
attack of NHOAc to the keto group of benzophenone, gives keenl7. Thereafter,
intermediatel 7, via the ring closure forms intermedidt® which is followed by aromatization
through dehydration in conjunction with oxygen froine air to give the quinazoline derivatives

in good to excellent yields.

<Figure 2>

Zhang and co-workers [33] demonstrated an elegarthssis of quinazoline derivativ@® in
good to excellent yields via reaction li¢farylamidinel9 and aromatic aldehydEl in air using
CuO nanoparticles as a recyclable catalyst (Sch&m#&Vith the best reaction condition;
arylamidines with a range of substituents were @itgd affording desired products with no
significant effect on the yield, either with elemtrdonating or electron-withdrawing groups.
However, the position of substituents has an olsvimfluence on the reaction. Furthermore,

CuO nanoparticles can be recycled without significkecrease in catalytic activity.

<Scheme 5>



Kobayashi and Ezaki [34] developed an interestiygtietic procedure for the synthesis of
qguinazoline derivative®6 by treating 2-(1-azidoalkyl)-phenyl isocyanid&&with NaH in DMF

at 0 °C via cyclization of 1-(2-isocyanophenyl)dikdgneamine intermediates (Scheme 6).

<Scheme 6>

Beifuss and co-workers [35] developed a facile effidient Cul-catalyzed domino approach for
the synthesis of quinazolin29 by the reaction of 1-(2-bromophenyl)methanami@&sand
amidines28 in a single step using3;RO, as the base, pivalic acid as the additive, andlaer
oxygen as the oxidant (Scheme 7). This method ©ffienew access to the desired products in
43-90% vyield. Under optimized set of reaction ctinds, the potential scope of this annulation
was explored using a diverse range of amidiniuntssas well as substituted bromophenyl

methanamines.

<Scheme 7>

With regard to the mechanism of the Cul-catalyzeomitio reaction between 1-(2-
halophenyl)methanamine&7 and amidine®8, it is assumed that either an intermolecWar
arylation/intramolecular nucleophilic substitutiardmatization sequence (Fig. ath A) or a
domino intermolecular nucleophilic substitutionfarholecular N-arylation/aromatization is
possible (Fig. 3, path B). However, after condugtiontrol experiments, it is assumed that the

reaction proceeds via pathway A.

<Figure 3>

Boulcina and co-workers [36] described an elegefigctive and simple one-pot methodology

for the synthesis of 1,2-dihydroquinazoling8 catalyzed by 4N,N-dimethylamino) pyridine

9



(DMAP) from readily available aromatic or heteraatic aldehydedl, 2-aminobenzophenone
14, and ammonium acetaf? under mild conditions (Scheme 8). Under the optireaction
conditions, the generality of this one-pot transfation was investigated by employing several
aromatic aldehydes. The results revealed that lerenic nature of the substituents on the
benzene ring had no significant influence on thectigity. An unsubstituted phenyl group or
aryl groups with electron-donating substituent®m@iéd high yields, as did those with electron-
withdrawing groups. However, the presence of 2+ch|o4-N,N-dimethylamino-, or 4-hydroxy-
groups on the aromatic ring produced slightly distied yields of the products. Also, a variety
of more challenging heterocyclic aldehydes werectegh in a similar manner with 2-

aminobenzophenone and ammonium acetate.

<Scheme 8>

Based on the above observations, two plausible amesic pathways were proposed for the
present protocol which involve DMAP as a base [@#f. 4). The first reaction mechanism
(path a) is proposed to proceed via the condemsatb the aldehydell with 2-
aminobenzophenork to furnish the corresponding aldimi& which on further condensation
with ammonium acetate gives diimir@2. Deprotonation of32 with the catalyst produces
carbanion intermediat83, which undergoes intramolecular cyclization tonfothe target 1,2-
dihydroquinazoling0. In another possible mechanism (path b), the awsetteon of aldehydil
with NH;sOAc 12 results in the formation of aldiming4, which on further reaction with 2-

aminobenzophenorigl leads to the desired prodiBf, after dehydration.

<Figure 4>

10



Trivedi and co-workers [38] developed an efficiegiteen protocol for the synthesis of
guinazolines36 in the absence of solvent and catalyst. 2,4-Distulbsd quinazolines have been
synthesized from three-component one-pot reactbrisaminoaryl ketone$4, orthoesters5,
and ammonium acetate? (Scheme 9). The scope and limitations of the ptegestocol were
investigated using a variety of substituted 2-ararmgb ketones and trialkyl orthoesters. The
present method has several advantages includintatigreal simplicity, substrate generality,

clean reaction, and high yields (76—-94%) of proslwath moderate reaction time.

<Scheme 9>

2.2. Synthesis of Quinazolinones

This section highlights the different processesdugseestablish quinazolinone structures from
simple and readily available starting precursora straightforward fashion.

Liu and co-workers [39] designed a bifunctionaldatalyst, [HDBU][TFET], by neutralization

of a superbase (DBU) and a weak proton donorytitiethanol), and found to activate £&nd
2-aminobenzonitriles37 simultaneously to produce quinazoline-2H4(3H)-diones 38 in
excellent yields under atmospheric pressure at rdemperature (Scheme 10). Several
substituents were tolerated on the aminobenzangtibstrate which afforded desired products in
pleasing yields. In addition, this IL could be &asecovered and reused without loss in its

activity and could act as a highly efficient, gregrand stable bifunctional IL catalytic system.

<Scheme 10>

A possible mechanism for the [HDB)JTFE]-catalyzed reaction of CO with 2-
aminobenzonitrile37 to give quinazoline-2,4(,3H)-dione 38 is proposed (Fig. 5). In
[HDBU][TFE’], 2-aminobenzonitrile is activated by hydrogen diag with both the cation and

11



anion of the IL to form the intermediaB®, while CQ is activated by the anion [THEo form
the intermediatd0. The nucleophilic nitrogen atom 8¢ attacks the carbon atom 4@ to form
the intermediatell, with subsequent nucleophilic cyclization 4f to produced42, which is

subsequently converted in88 after regeneration of [HDBU[TFE] 43.

<Figure 5>

Work by Zhanget al. [40] led to the development of a simple, versatgfficient one-pot
methodology for the synthesis of 2,3-dihydroquiniaezd(1H)-ones 47, 48 and quinazolin-
4(3H)-ones50, 51 employing CuO nanoparticles as the catalyst (Sehéf). In the case of
amine as the substrates, the reactions afford iBy@hsbquinazolin-4(H)-ones in good vyields.
However, when inorganic ammonium salts as the getnosource, the substrates undergo
intramolecular electron transfer and rearrangemniehding quinazolin-4(Bl)-ones (Scheme 12).
The easy generation of molecular diversity alonghwhe importance of quinazolinones in
medicinal chemistry makes this process an appr@apaiéernative for the synthesis of potentially
bioactive compounds. The important features of gnsocol include inexpensive, recyclable,
efficient CuO nanoparticles, ultrasonic irradiatiand water as a medium to accelerate the

reaction rate, and broad functional group tolerance

<Scheme 11>

<Scheme 12>

Zhang and co-workers [41] investigated and develapeefficient cyclocondesation reaction of
o-aminobenzonitrile87 with cycloketone$2 catalyzed by a novel, convenient, more economic,

and environmentally benign SegQOhodified SSA catalyst, in water to afford quinazel-ones

12



53 (Scheme 13). The results revealed that electronenaiving substituents, such as nitro group,
seems beneficial to the reaction and gives a higineduct yield. It has also indicated that

cycloketones with six membered ring are more adbveact with enaminocarbonitriles.

<Scheme 13>

Cheon and Kim [42] developed an efficient, usegfdly and highly environmentally benign
protocol for the synthesis of 2-substituted and-disBibstituted quinazolinoneS85 from
anthranilamide$4 and aldehyde$1 via aerobic oxidative cyclization in wet DMSO wailit any
additives (Scheme 14). Under the optimized reactionditions, various aromatic aldehydes
were readily applied to this protocol to investegie substrate scope which afforded the desired
products in high to excellent yields. Stereoeleutrmature of the aldehydes had a little effect on
the product formation. Heteroaromatic aldehydesewadso applied to this aerobic oxidation
protocol without any sacrifice of its efficiencyn kaddition, this protocol could be extended to
a,p-unsaturated aldehydes, such as cinnamaldehydehaiic aldehydes including formaldehyde
were also tested in this protocol and the desiredycts were obtained in good to high yields. In
general, this new protocol features operationalp8oity, high atom economy, and broad

substrate scope.

<Scheme 14>

Hajra and co-workers [43] demonstrated a remarkabte efficient Nano-IsO;-catalyzed one-
pot three-component condensation of isatoic antdgdd, primary aminel5 or ammonium salts
12/49and aromatic aldehydéd for the synthesis of 2,3-dihydroquinazolin-HMjiones56, 57in
aqueous media (Scheme 15). Having establishedioraminditions, the scope of this cascade
approach was explored by using a range of substiti#romatic aldehydes and amines.

13



Aldehydes as well as amines containing electrorating (-OMe) group on the aromatic ring
have shown good efficiency. On the other hangDdmanoparticles are easily recyclable without
the significant loss of catalytic activities. Inngal, this one-pot protocol is also applicable on
gram-scale synthesis. The significant advantagéseaf by this method include: (i) use of
greener solvent, (ii) good yields, (iii) benign bggducts, (iv) low catalyst loading, and (v) simple

operation.

<Scheme 15>

Han and co-workers [44] introduced a simple andehosynthetic route to quinazoline-
2,4(1H,3H)-diones58 under atmospheric pressure in high yields fromrédaetion of CQ with
2-aminobenzonitriles7 in the presence of [Bmim]JAc which acts as a dudVent—catalyst
(Scheme 16). To demonstrate the generality of dpjgroach to the synthesis of quinazoline-
2,4(1H,3H)-diones, a range of 2-aminobenzonitrile derivativere employed. The presence of
an electron-donating group had a slight influencdhe reaction. This highly-efficient, greener,
inexpensive, active and stable catalytic systenidcpotentially find wide applications in the
generation of a library of quinazoline-2,#{BH)-diones from C®@ and 2-aminobenzonitriles

under mild conditions.

<Scheme 16>

A plausible mechanism for the [Bmim]Ac-catalyzednf@tion of quinazoline-2,4t,3H)-dione

58 from the reaction of 2-aminobenzonitri8¥ and CQ is proposed as depicted in Fig. 6.
Initially, the acetate anion attacks the amino grataptures a proton, and activates the reactant
37 to produce an intermedia®® which on reaction with COrapidly leads to the formation of a
carbamate este80. An intramolecular nucleophilic cyclization @0 affords intermediaté1

14



which on subsequent rearrangement forms the isatyantermediaté2, and ther63. Finally,
the title products8 is obtained from the stabilization 68. In addition, the formation of the
isocyanate intermedia? assisted by the-cyano group appears to be important in the whole

catalytic cycle [45].

<Figure 6>

Tajbakhsh and co-workers [46] developed an importand straightforward protocol for the
synthesis of dihydroquinazolinonés and quinazolinone8§6 using HPW;,04 as a recyclable
catalyst in aqueous medium (Scheme 17). This proeedolerates a range of aldehydes
affording title products in ample yields. Sterigakncumbered aldehydes are also found as
effective coupling partners providing desired praiduin good yield. On the other hand, this
catalyst system possess several advantages inglimigh yields, short reaction times, easy
work-up, green procedure avoiding toxic organic solveatsl the use of a readily available,

inexpensive and relatively ndoxic catalyst.

<Scheme 17>

Wu and co-workers [47] developed an interesting straightforward one-pot cascade procedure
for the carbonylative synthesis of quinazolinon68 from commercially available 2-
aminobenzonitrile87 and bromobenzen&y (Scheme 18). With the best reaction conditions in
hand [Pd(OAGg) (2 mol%), BuPAd (6 mol%), KCOs; (2.5 mmol), DMSO-KHO (viv=1:1; 2
mL), CO (10 bar), 120 °C, 16 h], the generality aedpe of this convenient methodology was
investigated. In the first stage, substituents eaninobenzonitriles were studied. Methyl-,
methoxy-, fluoro-, chloro-substituted quinazolinengere produced in good yields from their
parent substrates under identical conditions i8B% yields. Also, a number of aryl bromides

15



with various functional groups were tested subsetiyie Methyl-, methoxy-, tert-butyl-,
methylsulfanyl-, and\,N-dimethylamino- as typical electron-donating fuooal groups were
checked and the corresponding quinazolinones weuped in 74—-91% vyields. The use of base
like NaCO; or KsPQ, instead of KCO; gave inferior yields [48]. Remarkably, two
representative examples of heteroaryl bromides wals® successfully applied in this

transformation.

<Scheme 18>

A plausible reaction mechanism for this transfororahas been proposed in Fig. 7. The reaction
started with the reduction of Pd(ll) to Pd(6p, followed by the oxidative addition of
bromobenzene to Pd(0) affording the organopalladspecies/0. After the coordination and
insertion of CO, the key intermediate acylpalladiutcomplex 71 was formed. N-(2-
Cyanophenyl)benzamidé2 was eliminated after nucleophilic attack of 2-aofianzonitrile37

to the acylpalladium complexl. Pd(0) can be regenerated under the assistarasef ready to
enter a catalytic cycle. In the presence of wanel lBaseN-(2-cyanophenyl)benzamid& was
hydrolysed into the corresponding-(2-carbamoylphenyl)benzamidé3 which goes to the
terminal quinazolinon&8 after intramolecular condensation and thermalpt¢®en shift. The
hydration of the cyano-group is a base inducedsfoemation, and the palladium in this system
might behave as a Lewis acid to further assistax@@X in achieving the nitrile hydration. In

addition, palladium may promote the condensatiagie the final product as well.

<Figure 7>

In another study, Wt al. [49] developed an impressive environmentallyrfdiy and mild
protocol to obtain 2,3-dihydroquinazolin-4}-ones 74 from 2-aminobenzonitriles37 and

16



aromatic aldehyded1 using water as a cheap, green and harmless neactemium with
inorganic base (O, as the only promoter (Scheme 19). Various fumetiogroups were
tolerated under these conditions affording the rddsproducts in variable yields. In general,
electron-withdrawing groups on the aldehyde orateminobenzonitrile, respectively, led to the
decrease of the yields. Also, methyl-substituemtigihboring the cyano-group or the aldehyde
function did not give the quinazolinone due to sheric hindrance. The electronic effect may be
responsible for the results as well, as the ortlethyl substituent decreases the activity of the
nitrile group. This methodology can also be applied nonea-protic aldehydes such as

cyclohexane carboxaldehyde and isobutanal.

<Scheme 19>

Li and co-workers [50] successfully reported tHeidings that an iron-catalyzed one-pot single-
step oxidative system could be easily applied F& tonversion of primary alcohokb into
guinazolinone derivativeg6 (Scheme 20). With various primary alcohols in hahe, scope of
this annulation was investigated under standardticea conditions. For different substituted
benzyl alcohols with electron-donating and electnotindrawing groups gave moderate to good
yields. Notably, heteroaryl substrate like 2-furghimanol was also examined and the
corresponding product was obtained in 76% yieldorter to demonstrate the broad synthetic
utility of this system, the investigation was exded to more challenging alkyl primary alcohols
such as ethanol and octanol, and fortunately, #&red products were also afforded with

moderate yields.

<Scheme 20>
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Safari and Gandomi-Ravandi [51] synthesized a seasfe2-aryl-2,3-dihydroquinazolin-4i)-

ones77 from sonication of anthranilamid& and an aldehyd&l as precursors in the presence
of Ag—CNTs as a novel catalyst (Scheme 21). Thiskwamnsistently has the advantages of
excellent yields, short reaction times, and simg@erimental and work-up procedures. The
heterogeneous catalyst could be recovered andleecgeveral times without any loss of its

activity.
<Scheme 21>

In another study, Li and co-workers [52] produced navel metal-free synthesis of
quinazolinones0 via dual amination of SgC—H bonds (Scheme 22). A wide range of 2-amino
benzamides78 were employed for annulation with methylaren&s under the optimized
conditions. Most of the toluenes with electron-dorgaand electron-withdrawing substituents
could be converted to the desired products in naddetio good yields. On the other hand, the
substituents at the phenyl ring of 2-amino benzamidid not affect the efficiency of this

transformation.
<Scheme 22>

A possible mechanism is proposed as shown in FigniBally, the homolysis of DTBP gave
tert-butoxy radicals [53]. The benzyl radical was thggnerated by abstraction of H from
toluene, and subsequent coupling of these two atdjmroduced the intermedied@. Then,83
was generated frorB2 via nucleophilic attack by8 in the presence of TsOH, followed by
oxidation to give84. Subsequently84 was converted to annulation prod@€ via the second

amination followed by oxidation.

18



<Figure 8>

Research group headed by Siddiki [54] reportedfattere HBEA zeolite-supported Pt metal
nanoclusters (Pt/HBEA) catalyst for direct dehydnmoagtive synthesis of quinazolinorg&from
o-aminobenzamidé4 and alcohol§’5 under promoter-free conditions (Scheme 23). Theeige
applicability of the present catalytic system wasestigated by isolating a range of the
quinazolinones in variable yields. Both electrachriand electron-poor benzylalcohols were
tolerated to give desired products in excellenfaisal yields (82—-95%). The reaction of a
sterically hinderedo-substituted benzylalcohol also proceeded in goady In addition,
heteroaromatic alcohols with thienyl, furanyl andiginyl groups were also tolerated with good
yields (75%, 65% and 78%, respectively). It is im@aot to note that various aliphatic alcohols,

including linear and branched aliphatic alcohosoakorked well.

<Scheme 23>

Kaeobamrung and co-workers [55] uncovered a dormmymthesis of quinazolinone derivatives
89 via a copper-catalyzed Ulimann-type coupling, atramolecular Michael addition and a
retro-Mannich reaction, under mild and simple ractconditions (Scheme 24). Having
established optimized conditions, the scope of dhiestrates in the copper-catalyzed domino
reactions was investigated. A variety Ndfsubstituted benzamidé&¥ and enaminone88 were
applicable for the copper-catalyzed domino reastioks the size of the substituents on the
enaminones increased, the yields of correspondintagolinones were dramatically diminished,
demonstrating that steric hindrance, especially ghbstituents on the enaminones, played a
crucial role in determining the product yields. Gme other handN-Phenyl substituted

benzamides gave low yields due to their low nudidagties for Michael additions.
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<Scheme 24>

Cai and co-workers [56] developed an efficient prattical two-step protocol for the synthesis
of 2-amino-4(3)-quinazolinoneN1 via ring-opening of isatoic anhydridet and palladium-
catalyzed oxidative isocyanide insertion in one-{&theme 25). This regioselective procedure
could construct a wide range of 2-aminoHjjuinazolinones in moderate to excellent yields.
Under the optimized conditions, the reaction occsnsoothly using a variety of amines,
isocyanides and isatoic anhydrides. Various amimes ding aryl and alkyl amines were also
well tolerated. Benzyl amines bearing both electioh and electron-deficient aromatic ring
furnished the desired products in high yields. W#lgard to amines bearing heterocycles, the
corresponding products were isolated in high yielMisxt, scope of this process was extended to
isocyanide component which afforded desired pra&luctppreciable yields. When cylcohexyl
isocyanide and 1,1,3,3-tetramethylbutyl isocyanmere employed instead ofert-butyl
isocyanide, the reaction worked as expected giemgesponding products in high yields. In
addition, the use of different isatoic anhydridesteaining electron-donating and halogen groups
reacted efficiently, affording expected products rmroderate to high vyields. Overall, the
methodology also had distinct advantages of easibessible starting materials and operational

simplicity.

<Scheme 25>

The proposed mechanism (Fig. 9) starts with thg-opening reaction of isatoic anhydridé
with amine45 generating the bis-nucleophB@. Catalyst92 reacts with the bisnucleophi®® to
form the intermediat®3. Then, isocaynide insertion reaction occurs, teguin the specie984

which on subsequent reductive elimination affoitus produc9l1. Pd(0) species is stabilized by
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coordination of multiple isocyanides and then czedi by silver carbonate to regenerate the

catalyst.

<Figure 9>

Chenet al. [57] disclosed an efficient and convenient métaé aerobic oxidative C—N bond
cleavage of tertiary amin& to constructN-heterocycle®6 using molecular oxygen as the sole
oxidant with high atom efficiency (Scheme 26). Untlee optimized reaction conditions, the
substrate scope of this reaction was investigateer@o-substituted anilines could readily react
with aliphatic tertiary amines to produce the cep@nding quinazolinone derivatives. It should
be noted that the reactivity of the oxidative cygdondensation was independent of the alkyl
chain length, and different aliphatic tertiary assncould efficiently undergo oxidative
cyclocondensation witlo-substituted anilines, giving the quinazolinone idiives in high
yields. On the other hand, several substituideaminobenzamides with various functionalities

also led to the desired products on reaction wveittiary amines.

<Scheme 26>

Based on above results and the reported literd&8F the reaction possibly takes place as
shown in Fig. 10. Initially, in the presence of emilar oxygen, the tertiary amif@é is oxidized
to N-oxide 97, followed by protonation to for88 under suitable pH conditions. Dehydration of
98 affords the immonium 089, which is readily hydrolyzed to produce a secop@amine and
an aldehyde [59]. FinallyiN-heterocyclic compoun@6 is produced by condensation/oxidative

dehydrogenation of in situ aldehyde witfsubstituted aniline.

<Figure 10>
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Cheng et al. [60] successfully synthesized a series of biaally important 4(81)-
guinazolinoned 01 from readily available 2-amind-methoxybenzamides00and aldehyde$1

via a cascade reaction in good to excellent yiéBtheme 27). By this process, under optimal
reaction conditions, the title compounds were fgagknerated providing insights into the scope
and generality of this new one-pot protocol. Theuhs also revealed that several substituted
aldehydes bearing electron-withdrawing groups edhe desired products. The method was
equally well tolerable of the benzaldehydes beaalegtron-rich substituent. In the case of di-
substituted benzaldehydes, bearing either eleetitihdrawing or electron-donating group, the

desired products were obtained in even better gield

<Scheme 27>

Jiang and co-workers [61] established a novel gaita-catalyzed three-component cascade
reaction for the synthesis of quinazolin-Mf3ones 104 from readily available 2-
aminobenzamides64 and aryl halides 102 via a palladium-catalyzed isocyanide
insertion/cyclization sequence (Scheme 28). Thepescand generality of this process was
investigated using anthranilamides and various lalides under optimized reaction conditions.
From results it could be concluded that most ofahg iodides with electron-donating groups
give better results than the substrates with elaetvithdrawing groups. However, substrates
with electron-donating groupp-phenyliodobenzene gave a poor yield. The suitgbitif
electron-poor substituents includingfluoro, p-chloro, and p-trifluoromethyl groups was
evaluated which gave the desired products in 41-§63l. Also, heteroaromatic substrates
were converted to the corresponding product in geeld. Overall, this methodology efficiently
constructs quinazolin-4(8-ones in moderate to excellent yields with the aadages of
operational simplicity.
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<Scheme 28>

A plausible mechanism for this reaction is depiate#tig. 11. Oxidative addition of aryl halides
102 to the Pd(0) catalystO5 facilitates the formation of palladium compl&g6, followed by
tert-butyl isocyanidel03 insertion to get palladium(ll) speci@d7. Then, under the assistance of
t-BuONa, the addition of 2-aminobenzamigi# gives the generation df08 which leads to the

desired 4(Bl)-quinazolinoned 04 after cyclization with losingert-butylamine.

<Figure 11>

Sarva and co-workers [62] disclosed a simple amyhlhiefficient synthesis of 2-substituted
quinazolin-4(3)-ones110 by the iron(lll) chloride catalyzed reaction ofitsic anhydridet4
with various amidoxime derivativd99 (Scheme 29). The scope of the method was evalbated
using a variety of substituted aryl amidoximes unithe optimized conditions, and the results
gratifyingly gave the desired products in high ggelegardless of the nature of the substituents
on the amidoxime. Interestingly, neither electramating (methyl, 4-hydroxy, 4-methoxy, 4-
amino, or 4-methylsulfanyl) nor electron-withdragirgroups (4-bromo or 4-nitro) on the
amidoxime had any effect on the reaction profild gield. Heteroaromatic aldoximes also gave
the corresponding quinazolinones in good Yyieldsrtifewumore, several alkyl amidoximes

afforded similar results.

<Scheme 29>

Pouramini and Tamaddon [63] discovered an efficigmbcess for the synthesis of
quinazolinonesl11 via reaction of 2-aminobenzonitrig/ with carbonyl compound$l using

macroporous Amberlyst A26 OH in,8-EtOH (Scheme 30). To define the scope of the A26
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OH-catalyzed synthesis of 2-substituted 2,3-dihyg{tiH)-quinazolinones, various aldehydes
were reacted with 2-aminobenzonitrile under optedizreaction conditions. The electronic
effects of the substituents of the aldehydes h#ld kffect on the yield, and the products were

isolated in high purity by simple filtration of tleatalyst and addition of cold water.
<Scheme 30>

The mechanistic cycle (Fig. 12) involve the initiaydration of 2-aminobenzonitrile thl12
occurred efficiently, giving a 93% yield of the oesponding amide. Condensation of the
isolated intermediatd12 with benzaldehyde under similar conditions yielda¢phenyl)-2,3-

dihydro-4(H)-quinazolinone in excellent yield.
<Figure 12>

Alizadeh and co-workers [64] developed an efficientl-catalyst system of piperidine and
molecular iodine for the synthesis of 2-alkyl-2d®e-2H-chromen-3-yl)-2,3-dihydro-
4(1H)quinazolinone derivative$16 by a four-component reaction of salicylaldehydad, -
keto esterd 15 ammonium acetatE?, and isatoic anhydridé4 (Scheme 31). The products were
obtained in good yields under mild reaction comaisi. This protocol tolerates a variety of

salicylaldehydes containing both electron-withdragvand electron-donating substituents.
<Scheme 31>

Li and co-workers [65] disclosed an efficient st to access 2-hetarylquinazolin-HAjj3ones
118 via copper-catalyzed direct aerobic oxidative atiom of sSC—H bonds using cheap and
readily available (2-azaaryl)methadd7 (Scheme 32). Having developed a set of standard

reaction conditions, a range of substrates werdieppn this oxidative amination process to
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produce the corresponding 2-hetaryl-quinazolin)¢(8ne products in good vyields. The
heteroaryl substrates include pyridine, quinolipgazine, quinoxaline, and benzothiazole with
different substituent pattern. All these substratese well tolerated in this transformation
affording corresponding products in efficient y®ldOn the other hand, suitability of the
benzamide core was also assessed. Chloro- and Imsetistituted benzamides produced
oxidative  condensation  products in ample vyields. em@lN, this tandem
oxidation—amination—cyclization transformation repents a straightforward protocol to prepare
2-hetaryl-substituted quinazolinones from simpéetgstg materials.

<Scheme 32>
Wu and co-workers [66] developed an efficient, nared convenient method for the synthesis
of quinazolinoned.22 from 2-bromoformanilide419 and organo nitro20 as substrates, under
palladium catalysis (Scheme 33). Mo(GQR1 is used as multiple promoter in this process
delivering the desired products in moderate to kewe yields. Under suitable reaction
conditions, the scope and limitations of this medtilogy were examined using a range of
substituents like methyl-, isopropyl-, anett-butyl- on nitrobenzene. 1-Nitronaphthalene also
gave the corresponding 3-(naphthalen-1-yl)quinazé{BH)-one in 81% isolated Yyield.
Moreover, several electron-withdrawing groups dgtiltstd aromatic nitro compounds were
tested subsequently, which afforded moderate telkext yields. However, this procedure seems
quite sensitive to the steric property of the states. On the other hand, 2'-bromoformanilides
with a variety of electron-rich and electron-poondétional groups were tolerated which provided

different quinazolinones in 63-83% yields.

<Scheme 33>
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A plausible reaction pathway is proposed and ginefig. 13. Initially, oxidative addition of 2'-
bromoformanilide 119 to Pd(0) afforded organopalladium intermediat@3 which on
coordination and insertion of CO, released from @0}, gave acylpalladium complek?4 as
the key intermediate. At the same time, nitro coomgbwas reduced by Mo(C®do form an
amine which acts as a nucleophile to attack on d@bgpalladium complex. Finally, the
eliminated 2- formamidd-phenylbenzamid&25 gave the final quinazolinone prodd@?2 after
intramolecular condensation which was promoted &lladium or molybdenum salts as Lewis

acids.

<Figure 13>

Liu and co-workers [67] demonstrated the synthes$i2-thioxoquinazolinone derivatives26

achieved by the condensation of isatoic anhyd#jgrimary amine, and carbon disulfide under
microwave irradiation (Scheme 34). The scope waaméxed with regard to the amine
component where aliphatic and aromatic amines bgasglectron-rich and electron-poor
substituents worked efficiently delivering desirpmbducts in good to excellent yields. Also,
amines with heterocyclic moiety were also tolerasawbothly. In general, this convenient and
efficient method affords the desired products witlod to excellent yields under mild conditions

with operational simplicity.

<Scheme 34>

Balalaie and co-workers [68] introduced a wide e@riof spiroquinazolinone derivativd9
accessed through a one-pot three-component reaatitsatoic anhydridel4, hydrazidesl27
and cyclic ketoned.28 in the presence of catalytic amount (20 mol%) @P®&; in ethanol
(Scheme 35). A range of cyclic ketones were reasitill ISA 44 to examine the scope of this
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methodology. The reactions proceeded smoothlylithake cases to afford the corresponding
spiro 2,3-dihydroquinazolin-4H)-ones in good to high yields. It was also notdablebserve the
influence of ring size on the yield of productsr legaample, the use of cyclopentane instead of
cyclohexane led to lower yields. The type of hydtazhas also efficient role in the yields of

products.
<Scheme 35>

2.3. Synthesis of hybrid skeletons

In this section, different methods for the conginrc of quinazoline- and quinazolinone-hybrid
structures from simple starting materials are higtted.

Guo et al. [69] reported an efficient and facile procedum fthe preparation of 5,6-
dihydropyrazolo[1,5c]quinazolinesl31via CuCl-catalyzed tandem reaction of 5-(2-brorgbar
1H-pyrazolesl30 with aldehyded.1 and agueous ammonia under nitrogen atmospherer{&ch
36). With the optimized reaction conditions in haadvariety of aldehydes were reacted with 5-
(2-bromoaryl)-H-pyrazoles to investigate the scope of this prdtotbe effect of substituents
on phenyl ring of aldehydes was examined and thelteeindicated that electron-donating (Me,
MeO, ClI, Br, and F) reacted very well wilBO and aqueous ammonia to afford the desired
productsl31in 65-86% vyields. 1-Naphthaldehyde and thiophemmarbaldehyde also underwent
the tandem reactions smoothly, thus generatingctiteesponding products in 85% and 65%
yields, respectively. In addition, alkyl-substitdtaldehydes were also found to be compatible
with the reaction conditions to provide correspoigdtonjugated products in 51 and 76% vyields.
Next, pyrazoled.30 with different substitution patterns were examingad it was found that the
electronic effect and steric hindrance dfahd R groups on pyrazolek30 did not influence the

formation of products.
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<Scheme 36>

Kumar and Kumar [70] were able to develop a micnavaaccelerated and expedited
cyclocondensation reactions of 2-(3-arid-pyrazol-5-yl)anilines 132 with diverse aryl

aldehydesdl1 in water to access quinazoline derivatit&8 (Scheme 37). In order to assess the
generality and scope of the reactidid2 was treated with equimolar amount of various aryl

aldehydes under the optimized reactions conditibasis microwave in water for 5-15 min.

<Scheme 37>

Chenet al. [71] developed a new and facile approach fordynathesis of fused quinazolinone
scaffolds 136, 137 through a palladium-catalyzed carbonylative couplifollowed by an
intramolecular nucleophilic aromatic substituti@&cheme 38). In this process, base serves as the
key modulator. The scope and limitations of thisthmdology were focused by tolerating a
variety of analogues of 1-bromo-2-fluorobenzenechtdelivered the corresponding products in
moderate to good yields. Notably, 4- and 5-subtstitusubstrates gave better yields than 3-
substituted substrates. Interestingly, 2-bromo#du@omethyl)-1-fluorobenzene was
successfully converted into the desired produdd@fo yield. Chloride substituents and acetyl
groups remained intact under reaction conditionprtvide valuable products in moderate to
good yields. Subsequently, different kinds of 2+aopyridines were investigated. Methyl- and
fluoro-substituted products were isolated withouy aroblem. However, halides attached to the
pyridine ring also reacted.

In the case of the angular products, steric andreleic modification of the substrates did not
influence the outcome of the reactions. Ortho-mletagd cyano-substituted 2-aminopyridines

delivered the corresponding products in 72 and §&. A methyl group at the para position as
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a representative example of an electron-donatimypywas tolerated well. Substrates with
electron-deficientp-cyano, p-fluoro, and p-chloro substituents were also converted into the

corresponding angular isomers in moderate yields.

<Scheme 38>

A proposed catalytic cycle for this reaction iseqvin Fig. 14. The formation of the active
catalyst takes place by the reduction of Pd(I)P@(0) with CO or amines. The oxidative
addition of 1-bromo-2-fluorobenzend34 to Pd(0) then leads to the corresponding
organopalladium specids38 By the coordination and insertion of CO, the kagrmediate acyl
palladium complex139 is formed. In the presence of DBU, 2-iminB-pyridin-1-ide 140
undergoes nucleophilic attack on the acyl palladeomplex139 with the elimination ofl41

On the other hand, in the presence of N&B$ the base, the nucleophilic reaction of 2-
aminopyridine with the acyl palladium complex yldompoundl42 Finally, intramolecular
nucleophilic aromatic substitution of intermedid#l or 142 affords the terminal lineak36 or
angular producl 37, respectively. The active Pd(0) catalyst is regateel with the assistance of

the base.

<Figure 14>

Vlaar et al. [72] have shown that azoles are suitable nucléspin the Pd(ll)-catalyzed aerobic
oxidative coupling of bisnucleophiles and isocyasid Various medicinally important
azoloc]quinazolines 144 or 145 were readily obtained by oxidative coupling ef(2-
aminophenyl)azole443 with isocyanidesl03 using air as the stoichiometric oxidant (Scheme
39). A range of triazole substrates were involvedhe Pd-catalyzed coupling witkrt-butyl
isocyanide using the optimized reaction conditidfieasingly, a wide range of (hetero)-aromatic
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groups the triazole (Rposition) were subjected to annulation on aftenamituning of the
catalyst loading and reaction time. The compatipdif the isocyanides in this reaction was also

tested.
<Scheme 39>

Shekarraoet al. [74] developed an efficient method for the systheof pyrazole fused
heterocycles such as pyrazolo[R]Jfuinazolines148 via the palladium-catalyzed solvent-free
reaction of g-halovinyl/aryl aldehydesl146 and 3-aminopyrazoled47 under microwave
irradiation in good yields (Scheme 40). Good fumaéil group compatibility was demonstrated

with g-bromovinyl aldehydes substituted with fluoro- andthyl phenyl rings.
<Scheme 40>

Akbarzadeh and co-workers [74] reported an efficieand novel synthesis of
benzo[6,7][1,4]oxazepino[4,8}quinazolinone  derivatives 150 through a 7exo-dig
hydroamination of 3-substituted-2-[2-(prop-2-yndbxy)phenyl]-2,3-dihydroquinazolin-4H)-
onesl149in the presence of potassiuent-butoxide (KQ-Bu) in DMF at 130 °C (Scheme 41).
Initially, various 2-aminobenzamide derivativeé4 were prepared by the reaction of equimolar
amounts of isatoic anhydridet and aminegl5 in water at room temperature for 2—-3 h. Next,
these were efficiently reacted with a range of @{g2-yn-1-yloxy)benzaldehyde derivatives in
the presence of potassium carbonatgC®;) in DMF at 80 °C to give 3-substituted 2-[2-(prop-
2-yn-1-yloxy)phenyl]-2,3-dihydroquinazolin-4f)-ones in good yields (60-75%) which were
cyclized to final products using potassiuert-butoxide (KQ-Bu). Under standard reaction
conditions, various benzo[6,7][1,4]oxazepino[4]§uinazolinone derivatives were accessed
using substrates with both electron-rich as we#lastron-poor substituents on aromatic rings.
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<Scheme 41>

Li et al. [75] were able to combining commercially avaigbbromoanilines152 and
bromobenzonitriles151 in a novel double carbonylation process providiagcess to a
straightforward synthesis of isoindolo[1h)Rjuinazoline-10,12-dione$53 (Scheme 42). Under
optimized reaction conditions, generality and latidns of this methodology was explored using
2-bromobenzonitrile with nine different bromoands and the corresponding products were
obtained in pleasing yields. Aniline with chlorabstituent was found to stay intact under these
conditions, and a good yield (70%) of correspondprgduct was obtained. Anilines with
electron-withdrawing substituents were submittedhis reaction which afforded the desired
products in 57-63% vyield. Gratifyingly, when acesylbstitued aniline was reaction partner,
reaction worked-well, delivering fused product @98 isolated yield. Similarly, 82% of the
desired product was produced by using the correBpgrcyano-substituted 2-bromoaniline as a
substrate. To further demonstrate the applicabdftyhis procedure, a range of 2-bromoaniline
with ten different 2-bromobenzonitriles were reddie this coupling reactions. In general, good
yields of products were obtained with methyl, methofluoro or iodo substituents on

benzonitrile part.

<Scheme 42>

The mechanistic cycle (Fig. 15) starts with thetfaminocarbobylation of bromoanilii®2 and
bromobenzonitrilel51 to afford amidel54 (cycle A). It is also noteworthy that the oxidative
insertion of the active palladium species occuedgyentially atLl52 due to the higher reactivity.

Next, base-catalyzed isomerization—cyclization f®rrthe iminoisoindolinonel55 [76].

31



Interestingly, unexpected isomerization 185 to 156 occurs, probably due to steric effects.

Subsequent intramolecular carbonylative couplimgh&il53 as the final productycle B).

<Figure 15>

In a following study, the same group [77] developadconvenient procedure for the
carbonylative synthesis of isoindoloquinazolinod®&® by using 1,2-dibromobenzen&58 and

2-aminobenzyl amind57 as substrates under palladium catalysis (SchemeT4& desired

products were isolated in moderate to good yield® whe installation of two molecules of
carbon monoxide. With the best reaction conditionseveral derivatives of
isoindoloquinazolinones were produced and isolatechoderate to good vyields. 1,2-Dibromo-
4,5-dimethoxybenzene was also used as a subsffatdimg corresponding product in 84%
yield. Moderate vyields of the desired products wemated when similar electron property

substrates were applied.

<Scheme 43>

Sorra and co-workers [78] achieved the first taahthesis of (—)-auranomide €73 which
incorporate quinazolinone moiety. The short synthestrategy involves a reductive
dehydrocyclization and the nucleophilic ring openiof a fusedy-lactam. The synthetic
approach started with the reductive amination @hedhyl glutamatel60 with benzaldehyde
using sodium borohydride to afford tNebenzyl glutamatd61 (Scheme 44) which was coupled
with 2-nitrobenzoyl chloride to afforil62 in 61% yield over two steps. The reduction follawe
by concomitant cyclization 0162 furnished 1,4-benzodiazepine-2,5-diob&3 in 82% yield
with >99% ee. At this point, compount3 was converted td68 through two different
pathways.
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<Scheme 44>

On the other hand, the dilactam compount’69 was synthesized by the
dehydrocyclocondensation of isatoic anhydrdewith glutamatel60 in good yield (Scheme
45). The intramolecular cyclization @69to the tricyclic intermediaté70was accomplished by
heating in dimethylacetamide (DMA) at 180 °C [7/®)was gratifying to note that the amidation
of compound 170 with 2-nitrobenzoyl chloride followed by reductivéehydrocyclization
proceeded smoothly to furnish compoubd?2 in good yields and high enantiomeric excess
(>98%). The final stage, nucleophilic ring openinf fused y-lactam 172 with ammonia,

afforded auranomide €73in high yield with 97.7% ee [80].

<Scheme 45>

Cui and co-workers [81] reported a new strategythiersynthesis of indole-fused quinazolinone
derivatives 176 through Rh(lll)-catalyzed selective coupling ®f-methoxy-H-indole-1-
carboxamidel74 and aryl boronic acid$75 (Scheme 46). The coupling is mild and efficient
toward diverse product formation, with selectiveCand C-C/C—-N bond formation. A broad
range of indoles and aryl boronic acids were amlenttbthe reaction. Functionalized boronic
acids with methyl, phenyl, methoxy, chloro, bromabstitution and polysubstituted boronic
acids were compatible with the oxidative couplingstem to deliver the cyclized 5-
methoxyindolo[1,2¢]-quinazolin-6(51)-ones in moderate to good yields. The slightly dow
yields of products were observed due to the eleetribthdrawing nature and steric hindrance of
the starting boronic acids. Structurally and elatally varied indoles were also explored and
found applicable in this coupling furnishing theresponding cyclized heterocycles in moderate

to good vyield.
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<Scheme 46>

Mechanistic cycle (Fig. 16) for this transformatistarts with theN-metalation of174 in the

presence of Cp*Rh(lll) to form intermediatie’7, which on an intramolecular electrophilic
addition of lead to the seven-membered rhodaclt Subsequent reductive elimination would
afford the [4 + 2] cyclization product76 and the Rh(l) species. Reoxidation of Rh(l) to

Cp*Rh(lll) by Ag,O to start a new catalytic cycle.
<Figure 16>

Decker and co-workers [82] reported a novel, sltaortl versatile method for expeditious
syntheses of rutaecarpine and its analogliéd 180 giving high yields from a simple

heterocyclic fusion reaction of isatoic anhydridi& involving a spontaneous dehydrogenation
upon heating (Scheme 47). This process avoids usdpurification procedures, multi-step
syntheses, and any special reagents or startingrialat Applying this fusion reaction, 20

different analogues were generated.

<Scheme 47>

2.4. Functionalization of quinazoline and quinazohione skeletons

This section will focus on the utilization of quawine and quinazolinone cores as synthetic
intermediate or chiral ligands for further key s&rmations.

2.4.1. Dual amination of sp C—H bonds

Li and co-workers [83] developed a facile and &t approach for the synthesis of

imidazo[1,5€]-quinazolines 183 by an n-BuyNI catalyzed domino reaction that involves
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selective dual amination of $8—H bonds under mild conditions (Scheme 48). Tops of this
protocol was examined by treating various benzyhasi 82 with 4-methyl-2-phenylquinazoline
181 to afford the corresponding imidazo[Ilguinazolines showing high functional group
compatibility. It has been observed that the sthimtrance had little influence on the reaction.
In all cases, both electron-donating and electrghdsawing substituents in the phenyl ring
were well tolerated, and gave pleasant yields. Blgtdunctional groups such as F, Cl and Br
were also compatible with the reaction conditiowhich provided an additional handle for
further functionalization of the products. Moreagveaphthalen-1-ylmethanamine and several
heterocyclic benzylamines were also proved appkgafiving the desired products in good
yields. On the other hand, a variety of quinazdimere also reacted smoothly. With regard to
guinazolines part, substitution at 2-position watkyl, methoxy, fluoro and chloro groups were
well tolerated to deliver expected products witleadbent yields, and those with strong electron-
withdrawing groups, such as trifluoromethyl andaiggroup still gave target products in good

yield.

<Scheme 48>

2.4.2. Buchwald-Hartwig amination

Nowak et al. [84] reported the synthesis of 6-(morpholin-dbgihzop]quinazolin-4(3H)-one
derivatives 191 prepared by Buchwald-Hartwig conditions by reagtin 6-
bromobenzdj]quinazolin-4(3H)-ones 190 with morpholine in the presence of a
Pd(OAc)/XantPhos system in 1,4-dioxane as solvent (SchetBg The starting 6-

bromobenzdf]quinazolin-4(34)-ones 189 were synthesized via condensation of the ethyl 1-
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amino-4-bromonaphthalene-2-carboxyla88 with formamide, and then reaction of the obtained

benzoquinazolinon&89with appropriates benzyl bromides.

<Scheme 49>

2.4.3. Free radical cyclization

Al-Said and co-workers [85] described an efficisgihthetic protocol based on a free radical
cascade reaction for the synthesis of a new heteliocompound with appropriate substituents
to access benzoazepinoquinazolinones which shouldbw a the formation of
cyclopropanequinone system found in duocarmycinkis Tmethodology starts with the
condensation of anthranilamid& with 5-hydroxy-2-bromobenzaldehydEd2 (Scheme 50).
Initially an iodine-catalyzed aerobic oxidative cade coupling o064 with 192 in refluxing
ethanol for 48 h, afforded 2-aryl-substituted qamlanone derivativel94. The radical acceptor
was introduced by-allylation of 194 with (E/Z)-1,3-dichloropropene under standard reaction
conditions (acetone, &£03). This reaction afforded the expected prodifihin 80% yield. The
reaction of195in benzene at reflux temperature undey &fforded the cyclized product seco-
cyclopropaneazepinoquinazolinone derivati@8 in reasonable yield (45%). Similar free radical

rearrangements have been observed in cyclopropylflejindoline systems [86].

<Scheme 50>

2.4.4. As chiral ligands in catalytic enantioselente processess

Karabuga and co-workers [87] synthesized a sefigsanlily known enantiomerically pure 3-
aminoquinazolinones from easily accessible chi@l@m-hydroxy acids and:-amino acids.
These quinazolinones were examined as chiral lgd&odcatalytic enantioselective diethylzinc
and phenylacetylene additions to aldehydés(Scheme 51). Under standard conditions, the
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desired chiral alcohol$99 were obtained in up to 86% ee. 3-Aminoquinazolewwere also
shown to be very useful ligands in enantioselecikgnylations of aldehydes. Based upon the

optimized conditions, the corresponding propargglaohols200were obtained in up to 94% ee.

<Scheme 51>

2.4.5. NIS-mediated regioselective amidation

Nagarajan and Ghosh [88] developed an efficientalfieee methodology for direct amidation
regioselectively at C2 in indoles and pyrroles waghinazolinones (Scheme 52). A series of
novel indolyl- and pyrrolylquinazolinone2@2 and 203) were prepared with free or protected
indoles and pyrroles. Under optimized conditiomg generality and scope of the reaction was
explored for a range of 3-substituted indole, adl vas 1,3-disubstituted indole, with
guinazolinone derivatives. From results it couldreeealed that a variety of functional groups
such as moderate electron-withdrawing and eleatetgasing groups in substituted indoles were
well tolerated to give moderate to good yield afatylquinazolinone products. When electron-
donating substituents at indole C3 were coupledh wtiinazolinones, a good yield of the
corresponding products was obtained. However, Gbguinazolinone and benzoquinazolinone,
which are electron-deficient, gave a lower yieldtbé product, whereas when methyl was
substituted with a moderate electron-withdrawingugy, the vyields of the corresponding
products remained almost unaffected. The reactmopes was also extended to the pyrrole
substrates which also proved to be the competetrigya. Furthermore, a highly functionalized
1,3-diazepine compoun205 which might be a useful bioactive macrocycle, \aasessed by

the manipulation of product (Scheme 53).

<Scheme 52>
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<Scheme 53>

The potential mechanistic cycle (Fig. 17) involweg iodination on C3 of indole with NIS
producing the intermediat206, which undergoes an immediate nucleophilic suldstih with
the iminol form207 to generate the intermedi&288. Then, subsequent elimination of HI led to

the expected produ202

<Figure 17>

2.4.6. Addition of a-Lithiated Nitriles to quinazolines

Anderson and co-workers [89] reported a procedoiréhfe addition ok-deprotonated nitriles to
azaheterocycles such as quinazolig@8 followed by rearomatization (Scheme 54). Using the
optimized one-pot procedure, the scope of seconddrifes was evaluated in the reaction
sequence. Simple nitriles performed best in thagtren. Common amine protecting groups such
as Boc, Bn, and Cbz were unaffected in the symhs#iquence. In addition, both the 2-
chloroquinazoline and ethyl quinazoline-2-carbotg/lgave products with reduced yields. The

compound with methyl ketone derivative gave produ@&7% yield [90].

<Scheme 54>

2.4.7. Cross-coupling reactions of quinazolines

Mphahlele and co-workers [91] reported the Sonagasitoss-coupling of 2-aryl-6,8-dibromo-
4-chloroquinazoline211 with terminal acetylenes at room temperature tordfnovel 2-aryl-
6,8-dibromo-4-(alkynyl)quinazoline derivatived2 (Scheme 55). Further transformation of the
2-aryl-6,8-dibromo-4-(phenylethynyl)quinazolines aviSuzuki-Miyaura cross-coupling with

arylboronic acids occurred without selectivity téfoed the corresponding 2,6,8-triaryl-4-
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(phenylethynyl)quinazolines213 The absorption and emission properties of these

polysubstituted quinazolines were also determined.

<Scheme 55>

2.4.8. Selective debenzylation of dihydroquinazolones and tetrahydroquinazolines

Decker and co-workers [92] developed conditionstifiar selective cleavage of different benzyl
bonds within tetrahydroquinazoline and dihydroqaoiaones derived structures by employing
different reduction and debenzylation conditiorfseréby providing selective removal Gk
benzyl protection groups as well as the cleavagbefing structure within the quinazoline and

guinazolinone systems (Scheme 56).

<Scheme 56>

2.4.9. In the synthesis of bioactive fused-heterodes

Sarg and co-workers [93] synthesized numerous bw@abeterocycles based on quinazoline and
quinazolinone motifs (Scheme 57). Starting with $igethesis of 2-methyl-quinazolin-4-0883
from the fusion of anthranilic aci21 with thioacetamid®20, which was utilized as a building
unit for novel quinazoline and fused quinazolin@eenpounds under different set of conditions.
The extent of the pharmacological effect of a quatimone derivative depends on the active
group which is attached to it. Recently, severpbrts elucidated that in quinazolinone system
sites like position 2 and 3, can be suitably medifby the introduction of various heterocyclic

moieties to show excellent pharmacological reau$.

<Scheme 57>

2.10. Alkynylation of quinazolines
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Peng and co-workers [95] described a coupling r@aabdf quinazoline-4-tosylate230 with
terminal alkynes 231 using N-heterocyclic carbenes (NHC) as ligands providing 4
alkynylquinazoline232 in good to excellent yields under Pd-Cu cocatalySicheme 58). This
transformation proceeds under mild conditions whigh efficiency, which is attractive for
focused compound library construction. With thi®rmising initial results, the scope of this
transformation was explored with a range of alkyrigesth aryl and alkyl substituted acetylenes
were demonstrated as very compatible in the tramsftbon. Moreover, it was found that
substrates with electron-withdrawing groups ohvRre less reactive to some extent than those
with electron-donating groups when thé goup is phenyl. For example, the reactions of
electron-withdrawing substituted substrates sucp-@sloro orm-fluoro phenylacetylene gave
the corresponding product in 74% or 65% yield, whihe reactions of electron-donating
substituted substrates such @snethoxyl, p-ethoxyl or p-ethylphenylacetylene afforded the
corresponding product in 92%, 92% or 75% yields.tldnother hand, the reactivity of tosylates

with different substituents was also evaluated.
<Scheme 58>

3. Therapeutic potential of quinazolines and quinaalinones

Quinazolines and quinazolinones are among the oseftl heterocyclic compounds from both
synthetic and medicinal chemistry aspects. Thegiral design of these scaffolds has attracted a
great deal of attention because of their readysstio#ity, diverse chemical reactivity, and broad
spectra of biological activities. Although, a langember of literature is reported with numerous
examples of these motifs exhibiting potential bgibal activities, we have highlighted here the
most recent (2014) developments in the activityijgof these compounds.

3.1. Antitumor activity
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Sun and co-workers [96] designed and synthesizedswvies of novel tricyclic oxazine and
oxazepine fused quinazolines. The synthesized aleres were assessed for their vitro
antitumor effect on N87, A431, H1975, BT474 anduz2icell lines. Erlotinib and gefitinib were
used as standard compounds. From the careful aisesmof results, it was revealed that several
compounds were found to demonstrate more potemfusrar activities as compared to the
standard drugs. So, keeping in view the activisuhes, these compounds were further screened
for their in vitro inhibition of EGF-induced receptor autophosphdrgla in the KB
nasopharyngeal carcinoma cell line. Finally, thes®pounds were chosen for further evaluation
of EGFR and HER® vitro kinase inhibitory activity. Several derivativesuth counteract EGF-
induced phosphorylation of EGFR in cells, and tlpgitency was comparable to the reference
compounds. Among them, various compounds effegtivdlibited thein vitro kinase activity of
EGFR and HER2 with similar efficacy as erlotinitdagefitinib. The activity of compoun&33
was found to be 33-fold and 18-fold more potenntgafitinib and erlotinib, respectively.

Barraja and co-workers [97] were able to convehygmtepare a new series of fused heterocycles
like pyrrolo[3,4h]quinazolines. A large number of derivatives weteessed with a broad range
of substitution pattern. The synthesized compouwnele screened for their cellular cytotoxicity
invitro against 5 different human tumor cell lines withhddMalues reaching the low micromolar
level (1.3-19.8uM). These compounds were able to induce cell deagimly by apoptosis
through a mitochondrial dependent pathway. Selectadpounds showed antimitotic activity
and a reduction of tubulin polymerization in a cemication-dependent manner. Most of the
compounds reduced cell survival in at least onemmre cell lines. The most cytotoxic
compounds were found to I&84-238 From the activity results, structure-activityatbnship

can be made. For the derivatives with no subgiiubn position 2, the most active ones present
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lipophilic substituents with high steric hindranicepositions 7 and 8: an ethyl est@34 and
235 or a phenyl 236 and 237) in 7 and ap-methylbenzyl group 234 and 236) or a p-
methoxybenzyl group2@5 and 237) in 8. The substituent at any of the two positiass
detrimental to activity and lead to the reducedtytic effects.

El-Azab and co-workers [98] designed and synthesiae novel series of 6-chlorof-
tolylquinazolinone derivatives and evaluated fagithn-vitro antitumor activity. The results of
this study demonstrated that compot89 revealed selective activities toward non-small cel
lung cancer, in addition to other compounds whicksgss weak antitumor activity. On the other
hand,240and241 possessed remarkable broad-spectrum antitumaeitgcCompound241 was
carried over and tested against a panel of 60rdifteumor cell lines at a 5-log dose rang. Three
response parameters,sgGITGI and LGy were calculated for each cell line, using the know
drug 5-Fluorouracil (5-FU) as a positive controlon@ound241 was also found to be a
particularly active growth inhibitor of the renahrcer (G = 4.07uM), CNS cancer (Gp =
7.41 uM), ovarian cancer (G4 = 7.41uM) and non-small cell lung cancer gk 7.94uM).
Compound241ranks as nearly 1.5-fold more potent{d3 15.8uM) compared with 5-FU (G$

= 22.6uM). This structure possess a chloro substituemjuatazoline phenyl ring ang-tolyl
group at 2-position along with an azomethine fwordlity tethered to quinazoline nitrogen
which may play crucial role for enhanced activity.

Palopet al. [99] reported the synthesis of quinazolines dvalrthydroselenite salts and the
vitro growth inhibitory activity against tumoral PC-3ldae. It was observed from the results of
biological assays that several compounds exhilpt#dnt growth inhibitory activity (163 < 8.0
uM) and were more potent than standard drug metleylsec acid (IGo = 8.4uM). In addition,

some of them were more active than topotecan v@th below 4.0uM. On the ground of the

42



biological results, some structural features weferred to be beneficial to the antitumor activity
of such compounds. Cytotoxic data confirmed thatesdar symmetry is a valid approach to
obtain potent antitumor agents. In general, therdselenite salt formulation had a beneficial
effect on the cytotoxic activity for 2 and 2 angHenylalkylamino derivatives when the aryl
ring was not functionalizated. Meanwhile, the mmdifion of the length in the alkyl chain
substituent was not accompanied by alteration @fumnor activity. Two compound®42 and
243 exhibited strong cytotoxic activities in compansto the positive controls and they were
selected for further studies related to caspasei#@ityg and cell cycle regulation. Compou@d2
provoked caspase-3 activation and cell cycle anrest time-dependent manner being these
effects less marked fa243 In addition, the described compounds seem toeptedesirable
ADME properties that could be an important inforimatabout the promising potential of these
derivatives. These compounds may become a promitaisg of cytotoxic agents and the results

provide an insight for future direction in the dy@ment of new molecules.

<Figure 18>

3.2. Bronchodilatory activity

Spulaket al. [100] reported a series of quinazoline and quitiaene derivatives and screened
for their in vitro bronchodilatory activity on isolated rat trachesing theophylline and (-
)vasicinone as standard drugs. It is noteworthy tthe biological effect of almost all derivatives
was higher than that of theophylline. The 4-alkifesuyl derivatives displayed the most
pronounced effect and were more potent than thkeaxg and alkylamino analogues. Among
them, compoun@44 with the 1-piperidylpropyl fragment was the mostivae one, with Elg in

the micromolar range. All these findings taken tbge render the compounds interesting targets

for further systematic investigation and developtmen
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<Figure 19>

3.3. Anticonvulsant activity

Zayed [101] demonstrated the synthesis of a nowesles of fluorinated quinazolinone
derivatives. The synthesized compounds were tekiedtheir anticonvulsant activity and
neurotoxicity. The anticonvulsant activity of thewly synthesized compounds was compared to
that of phenytoin as the reference drug at the sdose, 100 mg/kg. The inspection of the
structure—activity relationship of these compoumsdgigests that the presence of a halogen
substituent at the sixth position from the distainaatic ring of the quinazolinone moiety greatly
enhanced the anticonvulsant activity of the newiytisesized compounds when compared with
other compounds. Several compounds exhibited proghanticonvulsant activity, revealing the
effect of substitution pattern on the aromatic riegding to the variable anticonvulsant activity.
Some compounds incorporating mono halogen substguws the para position from the distal
aromatic ring of the quinazolinone moiety gave maxn protection against seizures induced by
MES. Compound45 which contains a mono bromo substitution, wasmiost active, while
compound246 and247, which contain an electron-donating group (methayd 3,5 dichloro
substitution, had the least anticonvulsant activlBybstitution of the aromatic ring of the
guinazolinone system by electron-donating or etectwithdrawing groups may thus play a key
role in their anticonvulsant activity.

Shrivastava and co-workers [102] reported a noeaks of 3-aryl/heteroaryl-substituted 2-(2-
chlorostyryl)-6,7-dimethoxy-quinazolin-4B-one derivatives. The synthesized compounds
were evaluated for their anticonvulsant activityviarious physicochemically induced seizure
models. Few of the compounds displayed their gbibtt prevent seizure spread in the various

seizure models used for threvivo screening. The N3 phenyl and 3-methoxyphenyl déikie of
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guinazolin-4(3)-one @48 and 249 were found to be least active against all seizuozlels
compared to the other derivatives. In MES testyas revealed that a methylene spafs in
between the phenyl ring and quinazolin#j®ne nucleus tends to moderately increase the
potency. Mono substitution of methyl group at thetanposition of N3 aryl moiet®51 showed
potent activity, while disubstitution of methyl gno 252 results in marked decrease in activity.
Considering the compounds with N3 heteroaryl stligtn, the pyridin-4-yl derivative253
showed good activity (Efg 66.4 umol/kg) against MES-induced seizure. Among all the
compounds,254 and 255 exhibited promising activity. In particula254 with N3 para
nitrophenyl substitution with an median effectivesd (ERo) of 41.3 umol/kg demonstrated
comparable potency as that of GYKI 52466. Unl&4, striking difference in activity was

observed with the N3 ortho nitropherjg6 derivative (ERy 98.2umol/kg).

<Figure 20>

3.4.p-Glucuronidase inhibitors

Khan and co-workers [103] synthesized a new sarfez-arylquinazolin-4(Bl)-one analogues
from anthranilamide and various benzaldehydes uSunQb.2H,0 as a catalyst. The synthesized
2-arylquinazolin-4(8i)-ones evaluated for thef-glucuronidase inhibitory potential using D-
saccharic acid 1,4-lactone g = 45.75 = 2.16uM). Based on the obtained activity results,
structure—activity relationship was investigatedtfeese compounds which suggested thapthe
glucuronidase inhibitory activities of this clask ammpounds are mainly dependent upon the
substitutions on the phenyl ring, present at C-thefquinazolin-4(8)-one skeleton. Among all
the evaluated structures, compou87 (ICso = 0.6 * 0.45uM) showed the highesp-
glucuronidase inhibition which is 76-folds highbah the standard D-saccharic acid 1,4-lactone.

The two methoxy groups at C-3' and C-4' demongstratest appropriate arrangement to interact
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with the enzyme. When one methoxy group at C-3' wegdaced with a hydrogen as in
compound258 (ICso = 1.1 + 0.05uM), the activity decreased to almost half. Replagetof
hydroxyl group at C-3' with a methoxy group, axampound259 (ICsp = 2.8 + 0.05uM), the
activity declined five times. Replacement of bolie tmethoxy groups of compourztb7 by
hydroxyl groups, as in compourb0 (ICso = 2.1 £ 0.06uM), a decline trend in activity was
observed. Compour2b1 (ICso = 0.7 + 0.01uM) exhibited 65-folds more potent activity than the
standard. Replacement of ethoxy group with nitrocbloro resulted in two-fold decline in
activity. Similarly, the exchange of ethoxy withdrgxyl group lowered the activity by 14-folds.
Overall, a trend of inhibition 1§ against the enzyme in the range of 0.6-198\2 was

observed and compared with the standard.

<Figure 21>

3.5. Dihydrofolate reductase inhibitors

El-Subbagh and co-workers [104] synthesized a rexies of tetrahydro-quinazoline derivatives
and tested for their DHFR inhibition. The synthesizompounds were subjected to the National
Cancer Institute (NCI)n vitro disease-oriented human cells screening panel dssay vitro
antitumor activity. A single dose (14M) of the test compounds were used in the full NGl
cell lines panel assay which includes nine tumdapanels namely; Leukemia, Non-small cell
lung, Colon, CNS, Melanoma, Ovarian, Renal, Prestahd Breast cancer cells [105]. Among
the tested compounds, several compounds werefiddri possess potent antitumor potency of
various magnitudes. Several alterations were pedrto define the structure requirements and
features that enhance selectivity and specifiotty the tight binding to DHFR active site. It
seems that the type of substituent attached tcethes ring systems manipulate the biological

activity. The 2-methyl-tetrahydroquinazoline analeg 262 and 263 with 8-(dimethoxy- or
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trimethoxy-benzylidene)- and 4-(dimethoxy- or trimaxy-phenyl)-substituents showed DHFR
inhibition potency with IG values of 0.1 and 04oM, respectively. Replacement of the 2-methyl
function of 262 and 263 by 2-amino group produced compounds with diminisizgHFR
inhibition activity with 1G;, range of 14-211M.

Nerkar and Sahu [106] designed, synthesized ancciesized a new series of quinazoline and
guinazolinone derivatives as potent inhibitors oiman DHFR for anticancer activity. The
present work leads to the development of quinaaoknderivatives as anticancer leads by in
silico design. Compound264-266were found to be active in cytotoxicity assiayvitro as
compared with methotrexate used as standard dmigam be considered as useful template for

further anticancer lead development.

<Figure 22>

3.6. Antiproliferative activity

Arya and co-workers [107] reported an efficient amacile synthesis of fluorinated
benzothiazolo[2,®]quinazoline-H-ones analogues via one-pot reaction of 2-amino-6-
chlorobenzothiazole, fluorinated aldehydes and damedusing microwave irradiation in the
presence of ionic liquid. The one-pot three compbmeaction went smoothly in an ionic liquid
(1-butyl-3-methylimidazolium hexafluorophosphate)d agave the corresponding fluorinated
benzothiazolo[2,¥]quinazoline derivatives in excellent yields. Thdtiproliferative activity of
fluorinated benzothiazolo[2 Blquinazoline derivatives was primarily assessedHan60 cell
line. The potency of the antiproliferative effedttbe tested compounds was compared with 5-
fluorouracil which was used as standard drug. i dlark, only267-269 displayed a strong
photocytotoxicity with G averaging Gh = 2.8 + 0.5-0.9 +0.%M. On the basis of the reported

results, it seems that the substituent effect erptienyl ring plays a vital role in antiprolifersi
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activities. It is noteworthy that the activity seeno be affected by the nature (electron-donating
or electron-withdrawing) of the substituents in fiteenyl group position. Compounég7-270

all carry electron-withdrawing groups on ortho- apdra position of phenyl ring, but in
compounds267, fluorine atom on phenyl ring would show weak &les-withdrawing power
compared to Cfgroup on phenyl ring in compoun@89. Same as compoun@30 less active
toward antiproliferative activity due to presendeflaorine atom at ortho position on phenyl
ring. After UV irradiation, only four derivativesxerted moderate activities against HL-60 cell

lines. However269displayed strong photocytotoxicity with §gbaveraging 0.9 + 0.4M.

<Figure 23>

3.7. Kinase inhibitors

Hou et al. [108] designed and synthesized a novel type ohagwline derivatives by the
combination of quinazoline and oxazole scaffold®ire heteroaromatic unit. The synthesized
structures were tested for their anti-proliferataaivities and EGFR inhibitory potency. From
results, it is obvious that compoun®8l and272 possessing substituent of oxazole scaffold at

the 7-positions, demonstrated more potent inhipitmtivities for EGFR (Igg=1.21 and 0.95

umol/L) than those of compoun@33and274 only incorporating nitro or amino group at the 7-
positions. Their activities positively correlatedthwantiproliferative activities and had the same
trends. Although the results were less comparabkbe positive control Erlotinib (I§ =0.03
umol/L for EGFR), it is possible and necessary tocped with the investigation of modification
and bioactivity of quinazoline analogues substitbgdoxazole scaffold for discovery of new

EGFR inhibitors.
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Barreiro and co-workers [109] designed and syntleesia novel series of 2-chloro-4-anilino-
guinazolines as EGFR and VEGFR-2 dual inhibitord amaluated for inhibitory effects. The
biological data obtained proved the potential athBro-4-anilino-quinazoline derivatives as
EGFR and VEGFR-2 dual inhibitors. Those derivatigestaining a hydrogen bond donor at the
para position of the aniline moiety presented lowWay, values. Most active compound was
found to be275with 1Cso = 0.90uM for EGFR and 1.17M for VEGFR-2. This compound was
approximately 7-fold more potent on VEGFR-2 and rapjpnately 11-fold more potent on
EGFR compared to the prototy@&6. SAR and docking studies allowed the identificatiuf
pharmacophoric groups for both kinases and denmaiestrithe importance of a hydrogen bond
donor at the para position of the aniline moiety ifateraction with conserved Glu and Asp
amino acids in EGFR and VEGFR-2 binding sites.

Trivedi and co-workers [110] designed and synthebsiza new series of novel 4-
anilinoquinazoline derivatives and evaluated agmidl inhibitors for protein kinases implicated
in Alzheimer's disease. The synthesized 6,7-dimetid-phenylquinazolin-4-amines were
tested for their potential inhibitory effect on divdifferent kinases namely CDK5/p25
(CDK5/p25), CKD/e (casein kinase 1), GSKae (Glycogen Synthase Kinase/B), DYRK1A
(dual-specificity, tyrosine phosphorylation regefhkinase) and CLK1 (cdc2-like kinase 1). The
results of kinase inhibitory assays demonstratatirtbne of the synthesized anilino quinazolines
showed any inhibitory activity against CDK5/p25, RK1A and CKb/e at the maximum
concentration tested (1@M). The 4-anilinoquinazolines appeared to be méfsceve towards
CLK1 as four compound®77-280showed inhibitory activity on the enzyme. Two amadhe 10
anilinoquinazolines synthesize@70 and 280) showed significant inhibitory potency against

CLK1 at less than 1M concentrations. It is noteworthy that compoud bearing 3,4

49



dimethoxy substitution on the aryl ring of the arel moiety shows less thanp®/ inhibition
towards both CLK1 (I = 1.5 uM) and GSK-3/8 (ICso = 3 uM) enzymes. Surprisingly,
compound280with 3-fluoro and 4-chloro substitution in the larmng exhibited a 5-fold reduced
inhibition on CLK1 (IGo = 7.6uM) and no inhibition on GSK-@f. Docking studies were also
performed to elucidate the binding mode of the coummgals to the active site of CLK1 and GSK-
278 The results of this study suggested that comp@i®dnay serve as a valuable template for
the design and development of dual inhibitors oKCland GSK-3/f enzymes with potential

therapeutic application in Alzheimer’s disease.

<Figure 24>

3.8. Anti-angiogenesis activity

Xiong and co-workers [111] designed and synthesiaederies of new 2,4-disubstituted
quinazoline derivatives. The prepared compounds vessayed for their cytotoxic activities
against human tumor cell lines CNE-2 (human nasgpigeal cancer), PC-3 (human prostatic
carcinoma), SMMC-7721 (human liver cancer) and Hurbknbilical Vein Endothelial Cells
(HUVECS) using the MTT cytotoxicity assay. The bigical results showed that most of the 2,4-
disubstituted quinazoline derivatives possessel tygotoxicity against human tumor cell lines
and moderate cytotoxicity against HUVECs. Amongladl derivatives281 was the most potent
in inhibiting the tumor cell proliferation with thiewest 1G, values of 9.3 + 0.2M (CNE-2),
9.8 + 0.3uM (PC-3) and 10.9 = 0.2M (SMMC-7721), respectively. CompourZB1 also
showed the most potent inhibition of HUVEC adhesiith an inhibitory rate of as much as
65.8 £ 0.2% at a dose of 181 and 71.2 + 0.1% at a dose of @M after 3 h incubation at 37
°C. This remarkable inhibitive effect against thigration, adhesion of HUVECs and significant

anti-angiogenesis activities in the chick embryoraallantoic membrane (CAM) assay could
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be attributed to the three carbon chain length &hohethylpiperazino group present in

compound281
<Figure 25>

3.9. Allosteric modulators of glutamate receptors

Lindsley and co-workers [112] designed and syn#eskia new series of substituted
pyrazolo[1,5a]quinazolin-5(4H)-ones as negative allosteric modulators of metapat
glutamate receptors 2 and 3 (m&and mGly, respectively). SAR profile of these compounds
was fairly steep, with small structural changeslieg to significant losses in efficacy. When the
R! position was held constant as a phenyl ring, ahd@#&s held as a methyl, installation of a 3-
sulfonylphenyl or 3-pyridyl group at “Ryielded inhibitors with low-micromolar to high
nanomolar IGs at both mGlu2 and mGlu3. In contrast, instaltatiof a phenyl or 4-
methoxyphenyl at this position yielded compoundshwiery little effect. Truncation of this
position to a methyl group also resulted in mudieratated activity at both receptors. Overall,
several compounds were found to be potent inhiitancluding 4-methyl-2-phenyl-8-
(pyrimidin-5-yl)pyrazolo[1,5a]quinazolin-5(41)-one 282, were discovered with potemt vitro

activity as dual mGlimGlus NAMs, with excellent selectivity versus the otheGluRs.
<Figure 26>

3.10. Cathepsin inhibitors

Raghav and Singh [113] designed and synthesized aeaogues of bischalcones based
quinazoline-2(H)-ones and quinazoline-A)-thiones. The synthesized compounds were
screened for their potency as novel inhibitors athepsin B and cathepsin H. Among the
various, it was found that 3,4,5,6,7,8-hexahydnoh@nylallylidene)-4-styrylquinazoline- -
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one 283 showed maximum inhibition, i.e., 100% inhibition 0 x 10" M concentration and
50% inhibition at ~0.1 x I M concentration. Effect of substituted benzylid@,5,6,7,8-
hexahydro-quinazoline-2()-thione derivatives on cathepsin B activity wasoalassessed.
Maximum inhibitory effect was exerted by that 3,8,3,8-hexahydro-3-phenylallylidene)-4-
styrylquinazoline-2(H)-one 284 i.e., 100% inhibition at 0.50 x TOM concentration and half
maximum inhibition at ~0.01 x 10M concentration. Similarly, the activities of cafisin H
were estimated at varying concentrations of symtkdsbenzylidene-3,4,5,6,7,8-hexahydro-
guinazoline-2(H)-one and benzylidene-3,4,5,6,7,8-hexahydro-quilmee@(1H)-one
derivatives. Among quinazoline derivatives, 2,64bis-(dimethyl amino) benzylidene)cyclo
hexanon&85 was found to exhibit maximum inhibition which shedv100% inhibition at 1.0 x
10* M concentration and half maximum inhibition at ®.% 10° M concentration. In
benzylidene-3,4,5,6,7,8-hexahydro-quinazoline-B{tne  derivatives also, 2,6-bis(4
(dimethyl amino) benzylidene) cyclo hexanoB86 was found to demonstrate maximum

inhibition which showed 100% inhibition at ~0.25 &“M concentration.
<Figure 27>

3.11. Phosphodiesterase inhibitors

Humphreyet al. [114] disclosed a new class of selective, CNSepable quinazoline PDE1
inhibitors discovered through SAR development ob tile screen hits. In a combination of
parallel and traditional organic synthesis, andhwihe aid of X-ray crystallography and
molecular modeling, structural refinement of thadecompounds led to the aminoquinazoline
287 (PF-04471141) and the indanylquinazolig88 (PF-04822163). These compounds are
among the most potent and selective inhibitors DEP reported to date. Pharmacokinetic

investigations in rodents indicate that each comgachieves systemic concentrations in excess
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of their 1G5, values. Thus, compound87 and 288 offer considerable potential as chemical
probes to further investigate biological procesdetie CNS impacted by PDE1 function, and to
assess the potential of pan-PDEL1 inhibition aseaafty for the treatment of neuropsychiatric
illness.

Abdel-Aziz and co-workers [115] designed and sysittel a novel series of quinazolin-#i(3
one/Schiff base hybrids. The prepared compounds eealuated foin vitro activity to inhibit
phosphodiesterase 4 (PDE4), where Rolipram was ased positive reference for PDE4
inhibition. Several of them showed good-to-moderatévity compared to rolipram. Among
them, compoun@89 showed potent PDE4 inhibition in this series, vathlG of 1.60uM. The
activity results revealed that the presence oftyaroxyl-substituted phenyl of Schiff base part
is crucial for inhibitory activity. Thus, the tridyoxyphenyl Schiff bas289 showed the highest
PDEA4B inhibitory activity in this series, while Stthbase 290 showed moderate inhibitory
activity with 1C5o of 29.3uM. The methoxyphenyl containing Schiff bases wéee least active
in this series, suggesting the importance of tlee ©H groups on the Schiff base aryl ring.
Furthermore, the 5-methyl substitution did not ioy@ the inhibitory activity of the synthesized
compounds. The active compounds that showed PDE#bition were further assessed for
antiproliferative activity using different humanntor cell lines. Among them, compou290
exhibited significant antiproliferative activity thi ICso values of 140, 79, and 320 nM in breast,
lung, and colon tumor cells, respectively. Furthemen docking of compoun#89 in the active
site of PDE4B was carried out to identify the pbksibinding mode and provides insight for

further optimizations of this novel scaffold fohibiting PDEA4.

<Figure 28>

3.12. Antimycobacterial activity
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Kumari and co-workers [116] reported two seriesnolel urea/thiourea-based quinazoline
analogues by C-C Suzuki coupling reaction of quiae and phenyl ring followed by
condensation of varioud-phenyl isocyanates/isothiocyanates. The synthésan@logues were
investigated for their antimycobacterial activitgaanst Mycobacterium tuberculosis H37Rv.
Rifampicin, isoniazid, ethambutol, and pyrazinamwlere used as standard antimycobacterial
drugs. The activity results demonstrated that tfwemlo-substituted thiourea analogR®1 has
displayed highest antimycobacterial efficacy at MI€.5 ng/mL with 99% inhibition. This
analogue was considered to display half-fold effjcdo the standard drug pyrazinamide.

However, some other derivatives were moderatelyect

<Figure 29>

3.13. Antihistamine agents

Alagarsamy and co-workers [117] designed and swgigbd a series of novel 3-(4-
chlorophenyl)-2-(2-(4-substituted)-2-oxoethylthiajgazolin-4(3H)-one by the reaction of 2-(3-
(4-chlorophenyl)-4-oxo-3,4-dihydroquinazolin-2-ylthacetyl chloride with various amines. All
the synthesized compounds were tested for thenrvo Hi-antihistaminic activity on conscious
guinea pigs at the dose level of 10 mg/kg usingrghieniramine maleate as the reference
standard. All the tested compounds were found thib&x good antihistaminic activity.
Percentage protection data showed that all testpoantds of the series showed significant
protection in the range of 65—71 %. Biological s#gdindicated that different substituents over
the third position of quinazoline ring exerted ‘ealribiological activity. The presence of
piperazinyl group 292 Log P = 3.43) showed significant activity. When the hetatom
nitrogen of piperazinyl was replaced by oxygen poaond morpholinyl substitutior293 Log P

= 3.27) and elimination of the nitrogen of piperatiyielded pyrrolidinyl substitution294, Log
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P = 3.99) results in retaining of potency. Placemainethyl and diethyl substituents showed
decrease in activity. In general, compound 3-(®&@phenyl)-2-(2-(4-methylpiperazin-1-yl)-2-

oxoethylthio)quinazolin-4(d)-one 292 emerged as the most potent compound of the séties.
clearly indicates that lipophilicity (Lod®) plays an important role for their antihistaminic

activity.

<Figure 30>

3.14. Antihypertensive agents

Marzouk and co-workers [118] synthesized and chieraed a novel series of 1,2,4-triazolo[1,5-
aJquinazoline derivatives. The synthesized compoumdse evaluated for theirn vivo
antihypertensive activity by tail cuff method usikpromachi Blood Pressure Monitor for rats
and mice (Model MK 2000). From the obtained resuiltswas revealed that the nature of
substituents and substitution pattern on the tlicyystems may have had a considerable impact
on the heart rate and blood pressure. Among theesed compound295-300have abolished
completely the tachycardia of the parent compourtiey may be studied as potential
adrenoblockers. Compoun@87 and301 may be modified to enhance their hypotensive agtiv
Furthermore, compoun2B8 seem to be a cardiac stimulant and it will be isidurther for this
concern. Finally, the structure—activity relatiompsiiSAR) study of the compounds provided
some useful insights about the characteristic reqments, which may be taken into
consideration in the design of new antihypertenaryents.

Shahar Yar and co-workers [119] synthesized a newes of 7-substituted-3-(4-(3-(4-
substitutedphenyl)-4,5-dihydroisoxazol-5-yl)pher34substituted quinazolin-4€8-one by the
cyclization of €)-3-(4-(3-substitutedphenyl)acrylolyl)phenyl)-2-fstitutedphenyl)-7-
substituted quinazolin-4-8-one with hydroxylamine hydrochloride. The syniked
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compounds were examined for thearvivo antihypertensive activity using albino rats. Alet
synthesized compounds exhibited good to moderaibypertensive activity. Compounds 7-
chloro-3-(4-(3-(4-chlorophenyl)-4,5-dihydroisoxaZslyl)phenyl)-2p-tolylquinazolin-4(3H)-

one 302 and 7-chloro-3-(4-(3-(4-chlorophenyl)-4,5-dihydsoxazol-5-yl)phenyl)-2-(4-
methoxyphenyl)quinazolin-4(3-one 303 exhibited potent antihypertensive activity through
their anticipatedr;-adrenergic receptor blocking property similart®dlinically used analogue,
prazosin, without affecting heart rate with proledgluration of action when tested in adrenaline

induced hypertension in anaesthetized rats.

<Figure 31>

3.15. Anticancer activity

Sarg and co-workers [93] synthesized various quim@e compounds fused with a range of
heterocycles through different chemical reactiofise synthesized compounds were evaluated
for their in vitro antitumor activity against HEPG2 and MCF-7 celiek compared to the
reference drug (doxorubicin). Among the evaluatechgounds304-308were found to be the
most active against both cell lines exhibitingd®alues ranging from 10.82-29.4@//L and
7.09-31.85uM/L against Hep-G2 and MCF-7 cell lines, respedyiv8 hese compounds were
further docked into the active sites of thymidylaymthase and dihydrofolate reductase enzymes.
Sangshetti and co-workers [120] developed a sinmpldticomponent, water-mediated synthesis
of benzothiazolo [2,3] quinazolin-1-ones from aminobenzthiazoles, cygliaiketone, and
aromatic aldehydes. This methodology offers sevadabhntages like simplicity, easy work up,
short reaction time, and use of environmentallyigpemwater as a solvent. The newly synthesized
compounds were evaluated for cytotoxicity againpaael of human cancer cell lines (U-937,

Hep-2, vero, and MCF-7). Among the synthesized ammgds, the compound309 and 310
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showed higher anticancer activity. ThesJCvalues of the compounds revealed that the
substitution of methoxy and chloro at benzothia48l8-b] quinazolinones moiety increases the
anticancer activity. It was also revealed that stulign of methyl group decreases the
anticancer activity of compounds. The result of DikAgmentation analysis showed that the

compound310induced dose dependent apoptosis.

<Figure 32>

3.16. Cholinesterase inhibitors

A straightforward synthesis for 6-substituted quwimones was developed using 6-
(benzyloxy)-H-benzofl][1,3]oxazine-2,4-dione as starting material by Ke¥cand co-workers
[121]. All target compounds were tested for thedility to inhibit acetylcholinesterase and
butyrylcholinesterase. It was found that tacrineveh a 3-fold lower potency (kg = 71.5 nM)

on the human enzyme compared to theylZalue of 24.1 nM measured on eeAChE. The
piperidinyl inhibitors311-316showed 7 to 39-fold higher inhibitory activitiessard the electric
eel derived AChE. Docking studies were also carped to investigate the possible binding

mode with respect to AchE.

<Figure 33>

3.17. Cytotoxic activity

Shekarracet al. [74] developed an efficient microwave-assistedcpdure for the synthesis of
pyrazolo[1,5a]quinazolines in good yields. The newly synthesizethpounds were screenied
vitro for their cytotoxic activities against cervical ltéecancer cell line and prostate DU 205
cancer cell line using MTT-micro cultured tetramoh assay [122]. Doxorubicin was used as a
positive control in this assay. Among the screemgihazoline analogues, none of the
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compounds showed good cytotoxic effects which btlealemonstrate that this type of
compounds need more attention to be further deeelag cytotoxic agents.

Prajapati and Panchal [123] synthesized a newssefiguinazoline derivatives. All the obtained
compounds were evaluated for their cytotoxicity My T assay. Among all the synthesized
derivatives, compound17 exhibited promising anticancer activity as comgate other
synthesized derivatives. This was indicated byl@wg value of (7.1 and 5.56M) respectively,

for the synthesized derivativ847 and318as compared to gefitinib (= 4.9uM).

<Figure 34>

3.18. Anti-inflammatory activity

Zayed and Hassan [124] synthesized a new serie$,&diiodo-2-methyl-3-substituted-
quinazolin-4(#)-ones bearing sulfonamide derivatives in good dgel The synthesized
compounds were evaluated for their anti-inflammatactivity using the carrageen an induced
rat paw edema method using ibuprofen as a referédnag From the observation of results,
compounds with aliphatic side ch&d9 and320 were more active than that with aromatic one.
Compound320, the most active compound among all the test camgi®, contains aliphatic side
chain. The relative potency of this compound wa%o 78 the reference’s potency. Pyridine
containing compound@21 was more active than those with pyrimidine or @@zinstead.
Hence, necessary structural modifications couldnisle to increase the anti-inflammatory
activity. In general, the present study showed tvatpound320 was the most active compound

with combined ability to inhibit the inflammation.

<Figure 35>

3.19. Chitin synthase inhibitors
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Ji et al. [125] designed, synthesized and characterizegriassof novel 1-methyl-3-substituted
guinazoline-2,4-dione derivatives. The prepared mmunds were assayed for their inhibitory
activity against CHS by means of one-step ELISA\ams of chitin formed from UDP-Glc-NAc
with horse-radish peroxidase (HRP)-labeled wheamgagglutinin (WGA) as the probe.
Polyoxin B was the positive control in this ass@ye half-inhibition concentration of each
compound (IGy) was determined. Among the evaluated compoundsraleanalogues exhibited
good inhibition activities against CHS and theigd@alues were lower than that of Polyoxin B
whose 1G, was 0.18 mmol. Compoun8R2 with 1Cso value of 0.08 mmol/L is the strongest
inhibitor among these compounds. The inhibitoryvaes of 323-325were comparable to that
of polyoxin B. Some other compounds showed modetr@téow inhibition. In these active
compounds, the use of aryf Bs substituent produced higher inhibitory actstagainst CHS
than the use of alkylRIn aryl R, electron-donating substituent is more favorab#ntelectron-

withdrawing substituent on aromatic ring to enhainbgbitory activities.
<Figure 36>

3.20. Antimalarial activity

Kikuchi and co-workers [126] synthesized new anaésgyof febrifugine, a quinazoline alkaloid
isolated fromDichroa febrifuga roots, shows powerful antimalarial activity agaiRkasmodium
falciparum. The synthesized new derivatives of febrifugineevevaluated for thein vitro and

in vivo antimalarial activities to develop antimalaridiattare more effective and safer. From the
results it is revealed that tetrahydroquinazoliagwative 326 exhibit potent antimalarial activity

with a very high therapeutic selectivity bathvitro andin vivo.
<Figure 37>
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3.21. Antimicrobial activity

Song and co-workers [127] designed and synthesmoe@! imine derivatives of quinazolin-
4(3H)-one by using aminoethyl moieties to increaseahgne bridge of quinazolin-4€8-one
amine and then introducing various aromatic aldekyd'he antibacterial activity of all the
tested compounds were determined against tobaactdoamto bacterial wilts by performing a
turbidimeter test [128]. The primaryn vitro bioassay results revealed that all the tested
compounds at 100 mg/mL or 200 mg/mL exhibited matdeto excellent antibacterial activities
against tobacco and tomato bacterial wilts. Amangnt, compound27 exhibited stronger
antibacterial activities against tobacco and tontatcierial wilts compared with the commercial
plant bactericide thiodiazole copper. SAR analysdicated that stronger activities against
tobacco bacterial wilt compared with thiadiazolp@er were demonstrated by the compounds
with H and 2-OH-5-CHPh, 2- H-5-OCH-Ph, or 4N,N-di-CHs-Ph group. A close analysis of
the screening results and structures of the actwepounds revealed that the electron-donating
substituents of the phenyl ring can increase antwhial activity. These results indicated that
novel Schiff base derivatives containing theH)-8juinazolinone moiety can effectively control
tobacco and tomato bacterial wilts.

Garrepalliet al. [129] synthesized a series of 2-(2-arylidene hyuhyl)-4-phenyl-3,4,5,6,7,8-
hexahydroquinazolines by treating 2-hydrazinyl- hepyl-3,4,5,6,7,8-hexahydroquinazoline
with the different substituted aromatic aldehydeshe presence of glacial acetic acid. All the
newly synthesized quinazoline derivatives were @watald for their antibacterial activity by cup
plate method by measuring zone of inhibition usfgpicillin as a standard drug. Among the
evaluated samples, compouB@8 showed maximum zone of inhibition (18mm) agaifst

aureus as well a€. coli (17mm) which is higher than the standard drug Amtim.
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Arora and co-workers [130] synthesized several agofinone compounds with a schiff base
nucleus. The synthesized compounds were screenedhéxr antibacterial and antifungal
activities against three pathogenic bacteria and pa&thogenic fungi. Antimicrobial result
indicated that compounds showed significant agtisigainst tested fungi and bacteria. Among
them, compound829 and330 emerged as broad spectrum antibacterial agenteasi31-334
showed broad spectrum antifungal properties.

Zayed and Hassan [124] synthesized a new serie$,&diiodo-2-methyl-3-substituted-
quinazolin-4(3)-ones bearing sulfonamide derivatives in good dgel The synthesized
compounds were evaluated for their antibacterigivig against Gram-positive and Gram-
negative bacteria. Antibacterial assay of all tb& tompounds showed good activities against
both of Gram-positive and Gram-negative bacterlaesE activities were ranged from 61.91 to
95.23% from the activity of the standard. Compouiti@and320were found to possess highest
levels of activity among the tested compounds.

Ji et al. [125] designed, synthesized and characterizegriassof novel 1-methyl-3-substituted
guinazoline-2,4-dione derivatives. The prepared maumnds were assayed for their antifungal
potential. The minimum inhibition concentration @) of each compound was estimated.
Fluconazole and polyoxin B acted as the positiverods. Interestingly, comparing with the two
controls, most designed compounds displayed corbjeama better inhibitory activities against
tested pathogenic fungi. T@andida albicans, compound$35 and336 whose MIC values were
both 4.0 mg/L exhibited much higher inhibitory adtes than those of fluconazole and polyoxin
B whose values were 32 and 16 mg/L, respectivalymFSAR analysis, it could be concluded

that these designed compounds had more favoralidtias againstCandida albicans and
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Aspergillus flavus. Therefore, these novel compounds may be promikads of antifungal
agents.

Ji and co-workers [131] designed and synthesizeskrges of novel 1-methyl-3-substituted
qguinazoline-2,4-dione derivatives and evaluated tfagir antimicrobial activities against six
strains of bacteria and five funm vitro. Streptomycin and fluconazole were used as pesitiv
control for antibacterial and antifungal activitgspectively. Most of the synthesized compounds
showed moderate to good antibacterial activitiesiresg the tested bacteria, some compounds
showed higher antibacterial activities than straptcin. All compounds exhibited high activities
against MRSA andB. subtilis while showed weak activities agair&taureus. Compounds337-
339 showed good activity againBt subtilis with the MIC values of 41ig/mL while the MIC
value of streptomycin was 3&y/mL. Compound839-341showed good activity against MRSA
with the MIC values of 4g/mL.

Kumari and co-workers [132] reported two seriesnolvel urea/thiourea-based quinazoline
analogues by C-C Suzuki coupling reaction of qufiaeg and phenyl ring followed by
condensation of varioud-phenyl isocyanates/isothiocyanates. The synthésan@logues were
investigated for their antimicrobial activity agsintwo Gram-positive bacteriaS.(aureus,
MTCC 96 andB. cereus, MTCC 430), three Gram-negative bactefta ¢oli, MTCC 739;P.
aeruginosa, MTCC 741; andK. pneumoniae, MTCC 109), and two fungal specieA. (higer,
MTCC 282 andC. albicans, MTCC 183) using ampicillin, gentamicina, and flnazole as
standard drugs. The results revealed that majofitgynthesized analogues showed varying
degrees of inhibition against the test panel of tleed microorganisms. Bromo-group-
substituted thiourea derivatig42 has shown extremely significant inhibitory effigaggainst

Gram-positive bacteri& aureus at MIC 6.25pg/mL andB. cereus at MIC 12.5pg/mL with
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zone of inhibition 29 and 26 mm, respectively. #saalso found to be active against some Gram-
negative bacteria such & pneumoniae at MIC 12.5ug/mL andP. aeruginosa at MIC 25
ug/mL with zone of inhibition of 27 and 25 mm, resfpeely. However, urea linked analogue
343 with similar bromo-functional group showed goodiaty but was lesser than that of
analogue342 Moreover, than vitro antifungal activity of synthesized analogues iated that
the halogenated thiourea-substituted quinazolirdogmes have shown high efficacy agai@st
albicans. Fluoro-substituted thiourea analogue was fount 3flore potent than the standard
fluconazole (MIC 12.5ug/mL) againstC. albicans.

Mabkhot et al. [132] synthesized a new series of quinazolinorexivdtives from 2-
aminobenzamide derivatives in high yields, assistedhicrowave and classical methods. Some
of these substituted quinazolinones were testedheir antimicrobial activity against Gram-
negative bacteriaPseudomonas aeruginosa and Esherichia coli) and Gram-positive bacteria
(Staphylococcus aureus, and Bacillus subtilis), and anti-fungal activity againsiAgpergillus
fumigatus, Saccharomyces cervevisiae, andCandida albicans) using agar well diffusion method.
Among the prepared products, 3-benzyl-2-(4-chloesphquinazolin-4(8i)-one 344 was found

to exhibit the most potenh vitro anti-microbial activity with MICs of 25.6 + 0.5423 * 0.4,
30.1 + 0.6, and 25.1 + 0{f/mL agains&aphyl ococcus aureus, Bacillus subtilis, Pseudomonas
aeruginosa andEsherichia coli, respectively. Compoungid4 was also found to exhibit the most
potentin vitro anti-fungal activity with MICs of 18.3 £ 0.6, 2340.4, and 26.1 £ 0. hg/mL
againstAspergillus fumigatus, Saccharomyces cervevisiae and Candidaal bicans, respectively.
Docking studies were also carried out to exploeelilnding pattern of synthesized compounds

against against methicillin resiste@aphyl coccus aureus.

<Figure 38>
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3.22. Anti-asthmatic activity

Rayeestt al. [133] synthesized a series of azepino [, fjuinazoline derivatives and evaluated
for their anti-asthmatic activity using a murine aebof asthma. The compoung45-349caused

a notable decrease Th2 cytokine secretion and @asia in asthma-induced animals. However,
the decrease was highly significant in cas@4f#treated animals. Molecular modelling studies
were done for the compour@#9 with transcription factors STAT6 and GATA3 whicheahe
main transcription factors responsible for Th2 cifferentiation. Also the pharmacokinetics of

349was carried out in mice after oral and intravenadiministrations.

<Figure 39>

4. Agrochemical Applications

4.1. Insecticidal activity

Wu and co-workers [134] synthesized a series ofd&Bloro-quinazoline derivatives bearing a
sulfide group. All the synthesized compounds westerd for their insecticidal activity against
Plutella xylostella in vitro using Chlorpyrifos, one of the most effective rtsgdes as the
positive control. The results indicated that thetBgsized compounds possess good insecticidal
activity. From these data it can be concluded that introduction of 2-chloro-substituted
pyridine and thiazole enhances the insecticidaliégt e.g. compound850 and 351 displayed

better insecticidal activity than other compounfsese may prove useful as insecticidal agents.

<Figure 40>

5. Summary and Outlook
This review article seeks to provide an up-to-daterview of the latest advances involving the
development of straightforward and diversity-orezhtreactions to construct quinazoline and
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guinazolinone skeletons which have always been gli@mount chemical significance for
pharmaceutical and synthetic chemists. In thisewyive have presented a broad range of novel,
efficient, extremely mild, and operationally simpdgnthetic methods to access a library of
highly functionalized quinazoline and quinazolinoseaffolds through several strategies
including Lewis acid- and metal-catalyzed reactjoMCR, and microwave-irradiation and
conventional heating methods. Several inexpensie&ls like copper, iron and indium have
been shown to perform the required transformatiémsaddition, a range of highly efficient,
greener and stable catalyst systems have beenogedelo catalyze these reactions. This article
is also focused on the discussion of reaction ¢mmdi, substrate generality and development of
new reaction types. We have also tried to emphasieescope and the possible mechanistic
approaches for key transformations while presengungcessful applications in the synthesis of
relevant natural compounds.

Apart from notable synthetic advancements, we @y shown that these ring systems play
an important role in medicinal chemistry being ea&¢d against numerous biological targets. A
large amount of work has been made toward quim@olnd quinazolinone-based medicinal
chemistry. Numerous outstanding achievements rededhlat these structures possess extensive
potential applications as medicinal drugs. In gatér, a large number of quinazoline- and
quinazolinone-based compounds as antitumor agents kanase inhibitors, have been
successfully developed, marketed, and extensivedygl un the clinic in preventing and treating
various types of diseases with low toxicity, higbdvailability, and good biocompatibility and
curative effects. The structure-activity relatioips{SAR) of the reported compounds revealed
that the choice of a suitable substitution pattémcluding electron-donating, electron-

withdrawing groups as well as some heterocyclicaties, on the basic skeleton plays a key role
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in regulating the biological potential of the syetized compounds. This would also help
medicinal chemists to choose appropriate functignalips in order to design more effective and
safer molecules for treatment of various disorders.

However, some limitations still subsist for sevemathods due to the use of harsh reaction
conditions and restricted substrate generality. Sdope of some described reactions needs to be
expanded with the use of sterically encumberedtsaties with optimal yields of the products. It
is also highly desirable to focus on developing eneco-friendly processes which are in
accordance with the green chemistry protocols. €keensive medicinal potentiality will
ineluctably draw more and more researchers to engathe medicinal research of quinazoline
and quinazolinone derivatives. Much effort will ¢olbute to structural modification of clinical
drugs to retain the advantages of these drugs w@eatame their shortcomings. One important
strategy is to employ some functional groups oucttral fragments that are helpful for
improving physicochemical properties and affinitighwtarget sites to modify clinical drugs. This
intention is to increase their biological activitjdoroaden active spectrum, and overcome drug
resistances. Furthermore, exploitation of strudiyiranovel types of quinazoline and
quinazolinone derivatives for all possibly medid¢irgpplication will become an actively
important direction. Structurally novel derivativesght exert a new mechanism of action that
might exhibit different bioactivity. This strateggcludes the combination of these rings with
other pharmacophores and the development of nexmtstal skeletons different from traditional
clinical drugs. Furthermore, due to the simple divétrse nature of synthetic methods enabling
to construct core motifs of numerous commerciagdmwith potential biological applications, we

sincerely hope that this article will serve as adyareference for chemists working in this field.
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DPPP: 1,3-Bis(diphenylphosphino)propane
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Research Highlights

Quinazolines and quinazolinones are promising ieacscaffolds in medicinal

chemistry

Mild, efficient and environmentally benign proceésiremployed for synthesis are

focused
Proposed mechanistic investigations have also beecentrated
Useful synthetic applications and product manipotet have been displayed

A diverse spectrum of biological activities hasmeeesented

91



Legends

Figure 1: Selected structures of some commercial dgs and alkaloids incorporating

guinazoline and quinazolinone motifs

Figure 18:
Figure 19:
Figure 20:
Figure 21:
Figure 22:
Figure 23:
Figure 24:
Figure 25:
Figure 26:
Figure 27:
Figure 28:
Figure 29:
Figure 30:
Figure 31:
Figure 32:
Figure 33:
Figure 34:
Figure 35:
Figure 36:

Figure 37:

Compounds with antitumor activity

Bronchodilatory agent

Structures of compounds with anticonvulant potential
Glucuronidase inhibitors

Structures of dihydrofolate reductase ihibitors
Compounds with antiproliferative activity

Kinase inhibitors

Compound with anti-angiogenesis activity

Allosteric modulator

Cathepsin inhibitors

Phosphodiesterase inhibitors

Compound with antimycobacterial activity
Antihistamine agents

Structures of compounds with antihypertasive activity
Compounds with anticancer potential
Cholinesterase inhibitors

Compounds with cytotoxic activity

Compounds with anti-inflammatory potential

Chitin synthase inhibitors

Structure of antimalarial compound

92



Figure 38: Compounds with antimicrobial potential
Figure 39: Compounds with anti-asthmatic activity

Figure 40: Compounds with insecticidal activity
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H,O/EtOH (2:1) N/)\R1
100 °C
65
R' = Ph, 4-Me-Ph, 4-CI-Ph, 4-F-Ph, 3-NO,-Ph, 3-Br-Ph, 4-NC-Ph, pyridyl, naphthyl
R' = R? = acetone, 2-butanone, acetophenone, isatin, 5-chloroisatin
Scheme 17
o (0]
CN Br Pd(OAc), (2 mol%)
Rl : . o s gt : BuPAd; (6 mol%) _ {iﬁ(w
NH, 10 bar K>CO3 (2.5 mmol) = N’/C = |
DMSO/H,0 \Ar +R?
37 67 68

R2 = H, 2-Me, 4-Me, 4-NMe,, 4-tBu, 4-F, 4-CF, biphenyl, naphthyl, pyridyl, indolyl



Scheme 18

O
O CN (JJD\ KsPO, (1 equiv) Y ONH
R+ + 2 > Rr )\
Z > NH, R® H H,0, 100 °C N7 R2
H
37 11 74
R' = H, 3-Cl, 5-CI, 6-F, 5-Me, 6-Me, 3,4-diOMe
R? = j-Pr, Ph, 3,4-Cl,-Ph, 2-Me-Ph, 4-F-Ph,
cyclohexyl, pyridyl, benzothiazolyl, indolyl
Scheme 19
0] 0]
FeCls (2 mol%
L oo e
TBHP, DMSO -G
NHz 60°C,7h NTR
64 75 76

R = Me, Ph, 4-Me-Ph, 4-OMe-Ph, 4-F-Ph, 4-CI-Ph, 2-Br-Ph, furyl, heptyl, naphthyl

Scheme 20
0] O (0}
(:ﬁLNHz . X" H Ag/CNTs (2 mol%) (:ﬁ‘\NH
|
NH, 7 EtOH, )))) N
H ) R
64 1 77

R =H, 2-OH, 4-F, 4-Br, 3-Cl, 2-F, 2-NO,, 2,4-Cl,, 2,3-Cl,, 4-NMe,, 2-OMe, 2,3-diOMe

Scheme 21



o H _ 0
R H DTBP (3.0 equiv) R
@N' . e X" "H TsOH (2.0 equiv) N’
H g >
% o -C
NH, DMSO, 110 °C, 20 h N"C~NF D
\ I
78 79 80
R'=H, Me, Ph, n-Pr, i-Bu
R? = 2-Me,3-Me, 4-Me, 4-F, 4-OMe, 2-Cl, 4-F, 4-CF3
Scheme 22
0 o}
Pt/HBEA (1.0 mol%
(™ - ron ZoEEroom sy
mesitylene, reflux -C.
NH, 24 h N R
64 75 86

R = Ph, 4-Me-Ph, 4-tBu-Ph, 4-CI-Ph, 4-F-Ph, pyridyl, thienyl, furyl,
cyclohexyl, n-pentyl, n-hexyl, n-heptyl, n-nonyl, isopropyl

Scheme 23

R2 O NH,

0
2
X N Cul (30 mol%) xR
R H o+ Z > R
N RSJJ\)\R3 Cs,CO5 (2.5 equiv) L N/)\R3

MeCN, 90 °C, 24 h
87 88 89

R'=H, Br, Cl, OMe
R2 = Me, Ph, Bn
R3 = Me, i-Pr, i-Bu, Ph, 4-OMe-Ph

Scheme 24



Pd(OAC), (2 mol%)

Q 0 R? Ag>CO3 (1 mmol) 0 R?
N - isocyanide A .
Rl T Renw, e o Y y I )
N e} 100 °C = NH, e = N’ \NH
R3
44 45 90 91
R'=H, F, Cl, Me
R2 = Ph, i-Pr, Bn, 4-Me-Ph, 4-CI-Ph
R3 = i-Bu, cyclohexyl
Scheme 25
0 0
2
NN R s~y ~ge  PhoP(O)OH (20 mol%) AN ON-R?
R H + R NR . R &
Z>NH, kR3 O, dioxane, 130 °C A CRe
90 95 96
R'=H, Me, CI
R2=H, Me
R® = Me, Et, n-Pr, Ph
Scheme 26
O 0
T NIOMe 2 AcOH X NH
Rt J_ H + RZCHO ———— R'¢ 1
100 1 101

R' = H, 5-Br, 3-Me, 4-OMe, 6-Cl, 4-F
R2 = Ph, 4-Me-Ph, 3-CI-Ph, 4-F-Ph, 4-Br-Ph, 4-OH-Ph, n-Pr, Me, i-Pr

Scheme 27
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PdCl, (5 mol%)

0 DPPP (10 mol%) 0
AN NH ® O CaCl, (2.0 equiv) X NH
- 2+ R2ZX + tBu-N=C _ R )
SN t-BuONa (4 equiv) A N R2
2 toluene, 145 °C
64 102 103 104
X=1,Br
R'=F, Cl, Me

R? = Ph, 4-Me-Ph, 4-CI-Ph, 4-F-Ph, 3-OMe-Ph, 4-CF3-Ph, thienyl, biphenyl, naphthyl

Scheme 28
0 0
o N1 Fecls (10 mol%) NH
Ay A 1,4-di 80 °C A
H e R NH2 ,4-dioxane, N R
44 109 110

R = Ph, 4-Me-Ph, 4-Br-Ph, 4-OH-Ph, 4-NH»>-Ph, 4-F-Ph, 4-OMe-Ph, {-Bu, pyridyl

Scheme 29
0
CN )OL Amberlyst A26 OH (0.2 g) NH
* R7H . BN
NH, EtOH-H,0, 50-80 °C N
37 1 1

R = Ph, 4-Me-Ph, 4-F-Ph, 4-CI-Ph, 4-NO>-Ph, 4-OMe-Ph, n-Pr, pyridyl

Scheme 30

11



R' = H, 3-OMe, 5-Me, 3,5-Cl,, 3,5-Bry, 2-OH
R? = Me, n-Pr, i-Pr, t-Bu

Scheme 31
0
| R2 CuCl (15 mol%) | R2
Pl N Me N Ph,PO,H (0.1 mmol) ON
N NN PRCI, 05, 130°C [ AN AN

2 Het
90 117 118 R3

R'=H, CI, Me

R2=H, Me

R3 = Pyridyl, 3-Et-pyridyl, 2-Me-pyridyl, quinolyl, benzothiazolyl, thiazolyl

Scheme 32

Pd(OAc); (2 mol%) 0 ,
R - Br . RENO, + Mo(CO) BuPAd, (6 mol%) 1©ﬁLN’R
o - (o] > R'-r
L~ N,CHO 2 6 NEts, 1,4-dioxane N N/)
H 140 °C, 16 h
119 120 121 122

R'! = 5-Me, 4-Me, 4-Cl, 6-F, 5-CF3, 5-OCF5
R2 = Ph, 4-Me-Ph, 4-iPr-Ph, biphenyl, naphthyl

Scheme 33

0] r HN
A_CHO 9 9 Lasmom) L AT )D
R1_:‘J + RZ“\/U\OMe + i + NH4OAC plpTDr:Vlllr__'leB(O o(.I_;no5 hO) R1_: P H
OH H O ’ ' o O
115 44 12

12



o) 0
do (1) R-NH,, DMF, MW, 40 °C (:fk’?"R
H/&O (2) CS,. MW, 120 °C G

one-pot H
44 126

R = EtOH, 4-Me-Ph, 2-OMe-Ph, 3-CI-Ph, 4-F-Ph, 3-OMe-Ph, 4-EtO-Ph

S *
@/\/* Né\N/\/\* 0] y N/\/
\—/ N/
Scheme 34
O~_R'
o) Oy
_NH, o) NH
0 HN I H3PO3 (20 mol%) N’
+ & + R2 SRS R3
N/go R0 reflux, EtOH N
H H R?
44 127 128 129
R' = Ph, 2-thienyl
R? = R® = 4-Et-cyclohexyl, 4-t-Bu-cyclohexyl, cyclohexyl
Scheme 35
R1 R1
\
\ 2 /
R2 | N (Ji NH3+H,0 R N,N
TR , BN
H R® "H  cucCl, DMF, 100 °C, N, N~ R
Br H
130 11 131

R' = Me, Ph, 4-Me-Ph, 4-CI-Ph
R2=H, Cl, OMe
R® = Ph, 4-Me-Ph, 4-Br-Ph, 2-F-Ph, 3-F-Ph, n-Pr, 2-thienyl

Scheme 36
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_—
; |
NHJ"N—N Hzo, 5-15 min HN\rN_N

132 1 Ar 433

X X
j MW, 100 °C O _ O
+
~ | Ar

X=H,Cl
Ar = 4-OH-3-OMe-Ph, 4-OMe-3-OH-Ph, 2,5-diOMe-Ph,
4-OH-Ph, 4-NC-Ph, 2-NO2-Ph, 3-NO,-Ph, indolyl

Scheme 37

Br Pd(OAc), (2 mol%) » 0
R1_:<\I . Rg_!/j CO (15bar) R1—:<ifl\N/\_R2 ) R1§F‘
7> \N/ NH,  BuPAdz (6 mol%) % N/)\/ — N)\ )

DMA, 120°C, 16 h QR

134 135 136 137

R'=H, F, Cl, COMe

R2=H, F, Cl, Me, CN
Scheme 38
R? Pd(OAC), (2-10 mol%) R?
= 0
T N NN
, . / 2
A ONTNT 000 Pd(OPiv), (15 mol%) LN N TSN R
v N= H ° > U ! * g - :
= NH, MeTHF, air, 75 °C ¥z N’C\NH Pz N’C‘NH
R3 R3
143 103 144 145

R'=H, 9-CI, 9-F, 7-Me, 8,9-diOMe
R? = Ph, 4-CF3-Ph, 2-furyl, 3-pyridyl
R3 = i-Pr, t-Bu, n-Pent, Bn, c-Hex

Scheme 39
14



NH,  Pd(OAG) (2.5 mol%) L S

- — PPh; Gmol%) RS
R'g T ge s NH K,CO3 (2.1 mmol) T 1k
N 2 3 B 1
CHO MW, 700 W, 15 min X
146 147 148
R'=H, Me, F
R2=H, Me
Scheme 40
CHO
0 .R!
1 RZ R3 N
HzO RT K,CO3, DMF, 80 °C H
NH, o
3
44 64 / R
Z 149
KOtBu, DMF
R' = Bu, Ph, 4-F-Bn, 2-CI-Bn, 4-Me-Bn 190 °C, 3-4 h
R%=H, Br
R®=H, OMe 0
)
NJ\Q
Me/K—O R3
150
Scheme 41
0

Pd(OAc), (2 mol%)

B X B PBus-HBF, (6 mol%) — NN\~

| | ]
R + R X TNNLUTR?

N Z~NH, EtN (Bequiv), CO (Bban) RIS N

R = 2-Me, 4-Me, 5-Me, 5-OMe, 4-F, 6-F
R? = H, 4-Cl, 4,6-diF, 4-F 6-Cl, 4-Ac

Scheme 42

15



Br
NH2 Br

Pd(OAc); 2 mol%
BuPAd, (6 mol%)
NEt; (3 equiv)
DMAc, 120 °C

o

158

R = H, 5-Me, 4,5-diMe, 4,5-diOMe, 5-Me-pyridyl, benzothiazolyl

10 bar
157
0 0 PhCHO, N82804
)J\/\/U\ MeOH, Et;N, RT, 16 h
MeO™ % OMe " -
NH3CI NaBHj,, 0 °C, 30 min
160

0]

CL
NO,

EtsN, DMAP
DCM, 0 °C, 30 min

Scheme 43

2-nitrobenzoyl chloride

Q Bn
N
/z—\_«O
N
(0] OMe
165
OoN

Oj/o""e K,COs, BuyNI, DCM No, 0 Oy OMe
Bn. . OMe 0°C-RT,4h OMe
NT
i 1% Y
0 Bn o)
(over two steps)
161 162
Zn, NH4CI, MeOH
RT, 10 min
0 OMe
Bn p-TSAH,0 NHz O j/
N OMe
o reflux 16 h
N 2%
H O OMe (over two steps)
164 163

Lawesson's reagent
THF,75°C,1h

68%
Zn, AcOH 57%
-20 °C, 2 h | (over two steps) 0
5°C,1h ©\)kOMe
Br
Bn Pd(OAc),, xantphos o o
N Cs,CO3, 1,4-dioxane N,B" NH3, HgClp, THF Bn
/2—\_/<o 110°C, 12 h o 90°C, 3h dLN o
-— -«
N ;2_\—< )
N M N 74% N/\z_\—‘{
0 e NHy,  OMe H 'S OMe
168 167 166
Scheme 44
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Q 160, pyridine
[:::[%ko 120 °C, 16 h [::]i&\NH o DMA, 180 °C, 16 h
—_—
N0 64% m 76%
H

2-nitrobenzoyl chloride
EtzN, DMAP, DCM

0 °C, 30 min
O Zn, AcOH
NH NH3, THF -20°C,2h
o 0°C-RT, 16 h -5°C,1h
B —
Nm 92% 5%
o N NH, (over two steps)
173

Scheme 45

Pd(OAC), (2 mol%)

R2
X 3
N N BOM2 by HBF, (6 mol%) RL T D>/ ¥R
R1_| \ + R3_| = = N
= = EtsN (3 equiv), CO (5 bar) =
3\ )‘N\
175

NHOMe
174 176

o)

R' = Me, OMe, Br, OBn
R? = H, Me, OMe, OBn
RS = H, 2-Me, 4-Me, 2-OMe, 4-OMe, 4-Ph, 4-Cl, 4-Br, 3,5-diMe

Scheme 46
N
R? N NS R? o N . R3 N
R2 N” heat R2 N/go heat R2 N
R’ rt H R' HN
179 44 180

R'=H, OMe, Br
R2 = H, OMe
R® = H, OH, OMe, OBn, Me, Cl, NO,

Scheme 47
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Me N
A n-BugNI (20 mol%) ~ | >\R3
SN ~ TBHP (4 equiv) ) T N
RRL L+ RTNH, — R L
X N7 OR! AcOH (3 equiv) X N R!
DMSO, 90 °C, 10 h
181 182 183
X=C,N
R' = Ph, 4-t-Bu-Ph, 4-OMe-Ph, 4-CF3-Ph, 4-NO,-Ph, 3-CI-Ph, 2-F-Ph,
cyclopropyl, cyclohexyl, thienyl, furyl, pyridyl, morpholinyl, piperidyl
R3 = Ph, 2-Me-Ph, 3-Me-Ph, 4-Me-Ph, 4-OMe-Ph, 4-F-Ph, 4-CI-Ph, 4-Br-Ph,
4-CF3-Ph, naphthyl, thienyl, furyl, pyridyl
Scheme 48
R
o TFA, DM, 0 “C-RT NH, NP NH
COOE‘ 6MHCI,90°C COOE‘ formamide o
190-200 °C
R =£t-BuO, t-Bu 185 186
184
NBS. acetonitrile NBS, acetonitrile
0 C-RT 0 °C-RT
R
TFA, DCM, 0 °C-RT 2
HN" 0 or NH, N” "NH
COOEt 6 M HCI, 90 °C OO COOEt  formamide O o
N -
OO 200 °C, MW
Br Br Br
187 188 189
Benzylation
1
2~ R NN R
N” N Buchwald-Hartwig
Oy = O
Br
N R'=Bn, PMB
[ j 191 190
O

Scheme 49
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CHO Q EtsN (1.3 equiv) Q
@fl\ /©/ Iz (1.0 equiv) ©\)LNH Br  Acy0 (1.15 equiv) ©\)J\NH Br
_——
" EIOH, reflux N7 DCM, RT, 1 h N”
48 h
64 193 194
OH OAc
0]
Cl
©\)LNH Br 1,3~ dlchloroprop:;ne (1.25 equiv) CI o /\\<
N/ 2,3-dichloropeopene (1.25 equiv) ©\)L ©\)LN Br
Kl (1.25 equiv), K,COj3 (2.0 equiv) NG
194 OH acetone 196
OAc
BusSnH (2.0 equiv) BuaSnH (2.0 equiv)
: AIBN (0.2 equiv)
AIBN (0.2 equiv) b 60 °C
benzene, 60 °C enzens,
0]
G @ﬁ
N7 “MeOH
197
AcO
Scheme 50
N
|
X
N Me NS0
t-Bu |
N O OH NH, (10 mol%)
OH NH, (10 mol%) Ph—
OH . o OH
Et,Zn (1.0 equiv) Ti(O'Pry4) (40 mol%)
R™ toluene, -20 °C,24h ~ R* 'H Et,Zn (1.0 equiv) R ™
199 11 toluene, -20 °C, 24 h 200 I

R = Ph, 2-CI-Ph, 2-OMe-Ph, 4-Me-Ph, naphthyl, pyridyl, cyclohexyl

Scheme 51
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R’
|\ A\
>

0 0
N . CN—R5 . ROXTN
/N N TRy S HN Ty R® .
SN e” L, CHCL RT 18h & | .z NIS, CHCI3, RT, 16 h
N NSl 2 3, y N o7 ) 3 ’
203

Me O

202

201

X=H,N

R'=H, Br, OMe

R%=H, Br

R®=H, Me, SO,Ph, n-Bu
R*=H, I

R%=H, Me, Bn

Scheme 52

Br” " Br

R?=

Me O
Sos ey
DMF, K,CO3 N \=N
RT, overnight

204

Br

Scheme 53

LiIHMDS, THF
nitrile

-78 °C to RT

then KMNO4
MeCN

SN
N/)\R1

209

R'=H, Cl, COOEt

-

MeN *

R®=
)=
-

BocN

*
*

Scheme 54

HMPA
-78 °C

Me
BnQ* >_

1 R* O P
R &
RZ>xZ N \=N

R3
202

LDA, THF Meo@
e O

205

20



R’ R

Cl
Br. SN Rl— Br N ArB(OH),, PACIy(PCys3)s Ar SN
—_—— _
N” CeH4R Cul, Cs,CO4 N/)\CBH4R K,CO3, dioxane, reflux, 4 h NG CoHIR
THF, RT, 24 h B I
Br r r
211 212 213

R=H, 4F, 4-Cl, 4-OMe R" = Ph, 2-pyridyl, CH(OH)Me Ar = Ph, 4-F-Ph, 4-OMe-Ph

Scheme 55

0
HO
\©\)LN LiAIH,, THF, reflux HO\@\/\N
o N
217

1
218 Me

Hy, Pd/C

MeOH, 50 °C AICl3;, PhNMe,, DCM, RT

or
conc. HCI, reflux

0 H,, Pd/C, MeOH, 50 °C

B0 ' BnO N Hy, PdIC, ETOH, 50 °C |,

N LIAIH4, THF, reflux H,, Pd/C, AcOH, 50 °C \©\/\N
N
N Ve NH
Me 215 Me
214 Hy, Pd/C, THF, RT 216
H,, PtO,, MeOH, 50 °C
BH;-THF, THF, reflux
NaBHj, EtOH, reflux o W
od

Wy
o) B"°\©\/\N
1
Me
NH 220

219 Me

Scheme 56
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2-Cl-CgH,COCI ©\)LNH 0 reflux ©\)LN
o Z 7
THF, 0 °C N)\/”?© N o]
228 229
o} o} r o} o
OH 5 A NH 2-Cl-CgH,CHO NH N
I -Cl-CgHy _
+ Me-C-NH, A NaOAc, AcOH P P
NH; N" Me refiux N N
221 222 223 - 224 225
r o o}
CI-CH,COCI ©\)LNH CH,CI ©\)L j‘:>:o
THF, RT NMO N
- 226 227
Scheme 57
R3
QTs Pd(PPha),Cl,-Cul (5 mol%)
NN NHC (10 mol%) SN
R A, w =F - R L A
ANRI DABCO (1.5 equiv) AR
MeCN, 60 °C
230 231 232

R' = Ph, 4-OMe-Ph, 4-Me-Ph, 4-iPr-Ph
R2=H,Cl
R3 = Ph, 4-OMe-Ph, 4-CI-Ph, 3-F-Ph, 4-OEt-Ph, 4-Et-Ph, n-Bu, cyclopropyl

Scheme 58
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