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1. Introduction starting materials; (iv) the copper-catalyzed exgpam reaction of
. . . 2-arylindoles with amines using molecular oxygen as

Quinazolin-4(3H)-ones 1j are one of the most important oyiqant® (v) the copper-catalyzed N-arylation/condensatibg-
fused nitrogen-containing heterocycfesroadly occurring in  pajobenzonitriles and amideglthough these reactions provided
many natural products and pharmaceutical d?”ng'g' 1)  efficient protocols to synthesize various substituted
Various quinazolinone derivatives represent a widegeaof g inazolinones, their applications are limited die certain
blo!oglcal .act|V|t|es3, §uch as antlcanéér antl-lnfla_mmator§}j, disadvantages including tedious multi-step procesiudificult-
antibacteriaf’, ~ antituberculdf,  antihypertensivé  and to-prepare starting materials, the use of largeegxaxidants,
ant!convulsar?f. As one of these quinazolinone analogs, thegng reaction time, and harsh reaction conditidfeerefore, the
pyrido[2,3-d]pyrimidin-4(3H)-ones2) are also used as versatile yeyelopment of a simpleffective, mild and economic method

building blocks for the direct synthesis of bioleglly active  for the preparation of quinazolinones is still Higtiesirable.
molecules. For example, a series of compounds containing

pyrido[2,3-d]pyrimidin-4(3H)-one scaffolds have bed#veloped e 9 o o
as microsomal prostaglandin E2 synthase-1 inhiffor i )N\'R ! dN _ dN
In view of the great value of quinazolinones andrtheralogs, | :Y=NCH R N% § HN/
various methodologies for their synthesis have smeloped:’ Lo2YEN luotonin A rutaecarpine
The current synthetic methods of this skeleton arainly
summarized as the following five types: (i) the cemshtion of £ 9 @
2-aminobenzamide with suitable carbonyl compounesofies’, Ej/MN
aldehyde¥, acid$®, or acid chloride¥), aryl halide¥, N HO.C

conditions; (ii) the copper-catalyzed domino reawsi of 2-
halobenzamides with (aryl)methanamitié$ amide€’, and o _

inone%; (iii) the palladium-catalyzed insertion of carbon . aelalislo raltrexed o
enamlnone ! . . . - Fig. 1. Structures of some selected natural products andsdcontaining
monoxide (CO) with o-iodoanilin&s N-arylamidine&, N-(o- quinazolinone moiety.
halophenyl)imidoyl chlorid€§ or 2-aminobenzonitrilé$ as

/)\_.u\
methylarene and ketoalkyné$ under metal or metal-free ”N]/\N; ff N;/QN“CELNH
N HOLC 0 |
HN_ T z N/)\

OCorresponding authors. Tel.: +86-25-86868485; d:rmmlagndongyin321@163.com (D. Y. Chen); kldIf@njnaugen (F. Li).



2

Recently, Guo and co-workers have developed a nowtl a
efficient route toward quinazolinone derivatives throagpper-
catalyzed tandem reaction of 2-bromobenzamides alitbhydes
and aqueous ammonia (Scheme'®1IHowever, this strategy
inevitably sufered from tedious operation, high reaction
temperature, long reaction time, and the additionase (Cg£0s)
due to the use of aqueous ammonia as nitrogen esaurgealed
tube. Sodium azide (Na) as a convenient and inexpensive
nitrogen source, has been widely applied in orgayitthesis,
mainly including 1,3-dipolar cycloadditi6h and copper-

catalyzed SAr reaction&’. Based on the recent report on copper-

catalyzed multicomponent synthesis of fused N-letgles
utilizing sodium azide as nitrogen souféerein we present a
similar strategy to construct quinazolin-4(3H)-oneand
pyrido[2,3-d]pyrimidin-4(3H)-ones from simple and adily
available 2-halobenzamides (or 2-halonicotinamidesid
aldehydes (Scheme 1). In this catalytic system,iné@grated
consecutive process involved copper-catalyzgér Sreduction,
cyclization, and oxidation sequences. Compared vilie
reported methods®, this approach is more smoothly applied to
synthesize multifarious 2-substituted, 3-substiutend 2,3-
disubstituted quinazolinone derivertives from réadivailable
substrates, featuring easy operation, higfficiency, and mild
condition.

Previous work

0] (o)
1
N,R1 PR CuBr, L-proline, Cs,CO3 N’R
H + 07 RZ 4+ NHyH0 ——————————> By
Br DMSO, 100 °C, air, 24 h N7 R2
Heat in sealed tube!
This work
o
A R
N’ ___ CuBr, Lproline
| H + O°RZ + NaN
v x °© ®  DMSO, 80 °C, air, 12 h )\
X=1,Br,Cl Y=CH,N
Y=CH,N

® Simpler operation
¢ Base-free condition

® Lower reaction temperature
® Higher reaction rate

Scheme 1. Copper-catalyzed multicomponent synthesis of qualiaone
derivatives.

2. Results and discussion

To optimize the reaction conditions, an initial ekment was
carried out using 2-iodobenzamidga), benzaldehyde4q), and
sodium azide as model substrates. Various reactwangeters
were evaluated systematically, including catalysigands,
solvents, and temperatures; all cases are showahleTL. First,
a series of copper catalysts were examined fordbisecutive
reaction with 0.2 equiv of L-proline (relative to aomt of3a) as
the ligand and DMSO as the solvent at’80(Table 1, entries 1-
7), and CuBr showed the highedfigency (Table 1, entry 3).
Then, other three ligands such as 1,10-phenantle;ofiicolinic
acid and pentane-2,4-dione, were tested using Qulv écuBr
(relative to amount oBa) as the catalyst in DMSO, and they
provided lower yields (Table 1, entries 8-10). le tibsence of
ligand, the product was obtained in 44% yield (Tableentry
11), and the result showed significafifeet of a suitable ligand
to the reaction system. Next, solvent effects ds tlonsecutive
transformation in the presence of CuBr and L-pelat 80 °C
were investigated, and DMSO was found to be the optim
solvent (Table 1, compare entries 3 and 12-16xhtiuld be
noted that this transformation afforded desireddpod in a
moderate yield when using,8 as solvent (Table 1, entry 14),
suggesting that it had the potential of green chkegito be
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widely applied. Changed the reaction temperaturendidead to
any further improvement in the yield, and 8D gave the best
result (Table 1, compare entries 3 and 17-19). Whereasing
amount of CuBr and sodium azide, and adding a bash as
K,CO;, the reactions did not give higher yields (Tabledmpare
entries 3 and 20-22). Finally, the optimized reattcondition
was determined tha&a (2.0 mmol),4a (1.1 equiv) and sodium
azide (2.0 equiv) were smoothly converted into
phenylquinazolin-4(3H)-one5§) in 75% yield with CuBr (0.1
equiv) as the catalyst, L-proline (0.2 equiv) as tiygand, and
DMSO as the solvent under an air atmosphere 8C8fver 12 h
(Table 1, entry 3).

Tablel
Investigation of conditions for copper-catalyzedtsgsis ofba using3a and
4a as the substrates

o
NH, CHO
+ + NaNg
|
3a 4a

2-

catalyst, ligand
solvent, T

A o o

?‘COQH 4 7N;N7\> (Nj\ comt PN

L-1 (L-proline) L-2 (1,10-phenanthroline) L-3 (picolinic acid) L-4 (pentane-2,4-dione)
Entry Catalyst Ligand Solvent 2;(:) \E(')Z I).C)‘
1 Cul L-1 DMSO 80 52
2 CuCl L-1 DMSO 80 64
3 CuBr L-1 DMSO 80 75
4 CuO L-1 DMSO 80 57
5 CuBp L-1 DMSO 80 59
6 Cu(OAc) L-1 DMSO 80 50
7 CuChb L-1 DMSO 80 66
8 CuBr L-2 DMSO 80 50
9 CuBr L-3 DMSO 80 48
10 CuBr L-4 DMSO 80 49
11 CuBr - DMSO 80 44
12 CuBr L-1 DMF 80 52
13 CuBr L-1 1,4-dioxane 80 66
14 CuBr L-1 HO 80 60
15 CuBr L-1 DCE 80 38
16 CuBr L-1 toluene 80 trace
17 CuBr L-1 DMSO 70 55
18 CuBr L-1 DMSO 90 71
19 CuBr L-1 DMSO 100 70
20 CuBr L-1 DMSO 80 73
214 CuBr L-1 DMSO 80 64
2Z CuBr L-1 DMSO 80 68

? Reactions condition8a (2.0 mmol),4a (2.2 mmol), Nai (4.0
mmol), catalyst (0.2 mmol), ligand (0.4 mmol), st (3 mL),
under air for 12 h.

b |solated yield.

¢ Extra NaN (2.0 mmol) was added.

9 Extra NaN (2.0 mmol) and KCO; (2.0 mmol) was added.

¢ Extra NaN (2.0 mmol) and CuBr (0.2 mmol) were added.

Under the optimized conditions, we first investigatedBr-
catalyzed consecutive synthesis of quinazolinobewith 2-
halobenzamide8 and aldehyded as substrates. As shown in
Table 2, a variety of aromatic aldehydes bearinffedint
substituents reacted with 2-iodobenzamida) (to give the
corresponding product®a-5 in moderate to good vyields
(50%-95%). It was found that electron-neutral anectebn-
donating groups on the aromatic ring of aldehydedid not
impact the vyields of the desired products. Much dor
satisfaction, reactions with aromatic aldehydes aiairig 2-
henolic hydroxyl and 3,5-dihalo groups proceededcthly to

ord the corresponding products, which provided thesibility
for further functionalization. Notably, the optimeid conditions
were also suitable enough for the transformatiorstefically
hindered substrates such as 3,5-di-tert-butyl-2-
hydroxybenzaldehyde, 2-methylbenzaldehyde and  2,6-



dimethylbenzaldehyde.  Meanwhile, the
consecutive reactions had been successfully apmieynthesis
of 2-heteroaryl quinazolinonék-5m in 71%-79% yields, when
thiophene-2-carbaldehyde,
picolinaldehyde were employed as substrates respécti

Furthermore, 2-iodobenzamidga showed higher reactivity to
provide the desirable produdda in 75% yield, than the
corresponding 2-bromobenzamide (gheein 72% yield) and 2-

chlorobenzamide (giveéba in 33% vyield). Beyond that, the
reactions showed good tolerance of alkylaldehydetudling

formaldehyde andn-butylaldehyde, and provided quinazolin-
4(3H)-one 6n) in 71% yield and 2-propylquinazolin-4(3H)-one
(50)

methodology for the preparation of 2-alkyl, 2-argnd 2-
heteroaryl quinazolin-4(3H)-ones.
Table2
Scope of 2-halobenzamides and aldehydes
o (o}
@N’R1 ) CuBr, L-proline dN,R1
\ H + R*“CHO + NaN3 DMSO, 80°C > N/)\Ri’
3 5

o o o o)
@NH @NH OH ©5LNH o~ @NH OH
N/)\© N/)\© N/)\© N/)\©/O\

5a (75%) 5c (82%)

Oxg

5e (84%)

5b (81%)

Cxg- g g

59 (55%) Br

5d (81%)

5f(74%)  Cl
5h (95%)

o o o o
@NH @NH @NH dNH

OO0 oo o

s/ W/

5i (62%) 5§ (50%) 5k (74%) 51 (79%)

o o
dNH @N/
BN 2

50 (65%) 5p (68%)

o
d NH
)\O 7

5m (71%) 5n (71%)

e
oy~ ol O %

cxodvoslivonilis sl

5u (62%) 5v (70%) 5w (72%) 5x (67%)

Br
1,0
CL
N/)\©
5y (92%)

& Reaction conditions: 2-halobenzamide (2.0 mmdbelayde (2.2
mmol), NaN (4.0 mmol), CuBr (0.2 mmol), and L-proline (0.4
mmol) in DMSO (3 mL) at 86C under air for 5-12 h.

5s (83%) 5t (58%)

Next, the é&ects of the N-substituents of 2-
iodobenzamides3 were explored. It is noteworthy to
mention that N-alkyl groups (methyl, ethyl and ofexyl)
and N-aryl groups (phenyl and substituted phenyjyenall
well-tolerated in this reaction, affording a serie§ 3-
substituented and 2,3-disubstituented quinazolis&pe5y
in moderate to good yields (58%-92%). Further, tebee

CuBr-catalyzedneutral

3
(4-H, ' 4-Et), electron-donating (4-OEt), and
electron-withdrawing (4-Ng) groups of N-phenyl groups
showed no significant difference on the vyields of

furan-2-carbaldehydecorresponding productsu-5x (62%-72%). To our delight,

the reaction for synthesis ofby containing N-(3-
bromo)phenyl group proceeded smoothly in a gooddyie
(92%), which allowed further modifications on theoiimo
group by coupling reactions. However, when usin{ZN-
dimethylphenyl)-2-iodobenzamide as substrate unither
optimized condition, the 2-azidobenzamide interratdivas
afforded as a main product (it's structure was cordiinby
'H NMR and MS; see supporting information) and caubd

in 65 % vyield. Obviously, this is a quite general be converted into the desired product, possibly wuéhe

large steric hindrance. Based on the above findiagsept

for the steric effects, this approach showed higircfional
group tolerance and proved to be a quite general
methodology for the preparation of multifarious 2-
substituted, 3-substituted and 2,3-disubstituted
quinazolinone derivertives.

Besides that, we investigated the utility of thitpcol for
preparation of some pyrido[2,3-d]pyrimidin-4(3H)-ongass
compounds, which are structurally similar with quiolarx-
4(3H)-ones. (Table 3) By this protocol, the pyrid8F2
d]pyrimidin-4(3H)-ones 7a-7d were prepared successfully in
62-87% vyield with 2-bromonicotinamide& and benzaldehyde
(4a) as starting materials. Therefore, the resultsegas great
confidence to apply this method for the constructad some
novelguinazolinoneanalogues.

Table3
Scope of 2- halonlcotlnamlcﬂes

CHO o
R1
CuBr, L+ prollne ‘ X N”
NaN
5 “pwso, so'c N N/)\Rz
7
o o o? o /@/C'
N NH XN NN NN
L L L Py
N" N N"ON N” N NT N

7a (72%) 7b (62%) 7¢ (87%) 7d (64%)
a Reaction conditions: 2-bromonicotinamide (2.0 mmo
benzaldehyde (2.2 mmol), Nak4.0 mmol), CuBr (0.2 mmol),
and L-proline (0.4 mmol) in DMSO (3 mL) at 8C under air for
12 h.

In order to explore the reaction mechanism, sonmércb
experiments were performed. Initially, 2-iodobeniden
(3a) reacted with sodium azide (2 equiv) in DMSO at°’g0
for 4 h, giving 2-azidobenzamid®in 83% vyield (Scheme
2a). The structure & was confirmed byH NMR and MS.
Next, 8 was heated at 8 for 2 h in DMSO in the presence
of CuBr and L-proline (Scheme 2b), and we fortulyate
observed the mass for 2-aminobenzanfdén/z = 159.1,
[M + Na]"). Another experiment & and benzaldehyd&d)
proceeded smoothly under standard conditions, dmed t
target producba was obtained in 84% vyield (Scheme 2c).
Moreover, the MS spectrum after 1 h reaction timnewsed
mass for Sciif's base V or possibly its cyclized
intermediateV| (m/z = 247.1, [M + Nal).

According to the above results and reported liteeAtd®, we
proposed a possible reaction mechanism for theereqgtalyzed
consecutive process. As shown in Scheme 3, coppalyzatl
S\Ar product 2-azidobenzamideis first prepared from sodium
azide and 2-halobenzamidd despite the ortho-substituent
effect’® Then, with the aid of L-proline and trace®in DMSO,
the copper-mediated denitrogenation df affords 2-



4
aminobenzamidéV via Cu(l) complexi| and Cu(lll) complex

Il in turn®® meanwhile releasing nitrogen. Nexty could

easily condense with benzaldehytjdeading to the formation of

Tetrahedron

point apparatus and were uncorrected. Reactionse wer
monitored by TLC on silica gel 60 F254 plates (Qiag
Ocean Chemical Company, China). Column

Schif's baseV. Subsequently, intramolecular nucleophilic attackchromatography was carried out on silica gel (20D-3

of nitrogen in amide to carbon in imine Vh gives intermediate
V1. Finally, VI undergoes oxidative dehydrogenation to produc
the target produd.

o
@fLNHQ CuBr, NaNs (2.0 equiv) N (g
| DMSO, 50°C, 4 h
N3
3a 8
0 o}
@fLNHQ CuBr, L-proline @fLNHz ®)
N, DMSO, 80°C, 2h NH;

prCHO
@fLNHQ 4a @fLNH ©
N CuBr, L-proline N/)\ Ph
8 DMSO, 80 °C

Scheme 2. Control experiments.

o (0]
1 1
O e o
: H
I N3
3 I

NaN3; CuBr

o)
R1
NoH
@;‘,CU'X(L)n N

SNAr L-proline
| N2
®ND
1]
o Q OHC-R? 1
R1 _R! 4 R
N f»"bo N NH
LCu"X(L)n4 P g2
” CuBr, 12 0, NH; H,0 N" R
1} v \')

o o
@fLN'R1 1120, @fﬂrw
N)\Rz H,0 N/)\R2
H 2
i 5

Scheme 3. A possible mechanism.

3. Conclusion

In summary, we have developed a highlfficeent and
practical copper-catalyzed reaction for the synthesf
quinazolin-4(3H)-ones and pyrido[2,3-d]pyrimidin-#{Bones,
starting from simple and readily available 2-halmsemides (or
2-halonicotinamides), aldehydes, and sodium azidée
reactions underwent a consecutive process, invob@uper-

mesh, Qingdao Ocean Chemical Company, China).

e4.2. General procedure for preparation of quinazolin-
4(3H)-ones (5) and pyrido[2,3-d]pyrimidin-4(3H)-ones
)

To a solution of 2-iodobenzamide(3) or 2-
bromonicotinamide &) (2.0 mmol) in DMSO (3 mL), was
added aldehyde (2.2 mmol), Nakk60 mg, 4.0 mmol),
CuBr (29 mg, 0.2 mmol), and L-proline (46 mg, 0.Aat).
The reaction mixture was stirred at 80 °C under After
disappearance of the reactant (monitored by TL@}em(30
mL) was added to the mixture, and then extracted athyl
acetate (15 mL) for three times. The extraction washed
with saturated NaCl solution, dried over anhydrdlasSO,
and concentrated under reduced pressure. The eegidg
purified by column chromatography on silica gel ngsi
petroleum ether/ethyl acetate (10:1 to 3:1) aseflnent to
give the desired producksor 7.

4.2.1. 2-Phenylquinazolin-4(3H)-one (15a).‘ia White solid;
333 mg (75% yield); m.p. 228-22€."H NMR (300 MHz,
DMSO-d;) §10.78 (br s, 1H), 8.32 (d,= 8.1 Hz, 1H), 8.17-
8.19 (m, 2H), 7.79-7.89 (m, 2H), 7.59-7.61 (m, 3AX9-
7.58 (m, 1H). ESI-MSwz221.1 [M - H]J.

4.2.2.  2-(2-Hydroxyphenyl)quinazolin-4(3H)-one  (5b).>?
Light yellow solid, 386 mg (81% yield); m.p. 25028C.
"H NMR (300 MHz, DMSO-¢g) §13.35 (br s, 1H), 12.40 (br
s, 1H), 8.23 (dJ = 7.9 Hz, 1H), 8.01 (d] = 7.9 Hz, 1H),
7.83-7.88 (m, 1H), 7.76 (d,= 8.0 Hz, 1H), 7.54 ({J=7.6
Hz, 1H), 7.42-7.48 (m, 1H), 6.93-7.02 (m, 2H). % m/z
237.1 [M - HI.

4.2.3. 2-(2-Methoxyphenyl)quinazolin-4(3H)-one  (5c).*®
Light brown solid, 414 mg (82% yield); m.p. 183-1%5 'H
NMR (300 MHz, DMSO-¢) §12.08 (br s, 1H), 8.15 (d,=
7.7 Hz, 1H), 7.83 (tJ = 7.0 Hz, 1H), 7.68-7.71 (m, 2H),
7.50-7.55 (m, 2H), 7.19 (d,= 8.3 Hz, 1H), 7.09 () = 7.4
Hz, 1H), 3.86 (s, 3H). ESI-M8Vz 275.1 [M + Nal].

4.2.4. 2-(2-Hydroxy-3-methoxyphenyl)quinazolin-4(3H)-one
(5d).*" Light yellow solid, 434 mg (81% yield); m.p. 283-
284°C. 'H NMR (300 MHz, DMSO-¢) 613.90 (br s, 1H),
12.44 (br s, 1H), 8.16 (d] = 7.8 Hz, 1H), 7.74-7.89 (m,
3H), 7.55 (t,J = 7.6 Hz, 1H), 7.16 (d] = 7.9 Hz, 1H), 6.89
(t, J = 8.2 Hz, 1H), 3.83 (s, 3H). ESI-M®/z 291.1 [M +
NaJ'.

4.2.5. 2-(2-Hydroxy-4-methoxyphenyl)quinazolin-4(3H)-one
(5e)." Light yellow solid, 451 mg (84% yield); m.p. 28348
°C. '"H NMR (300 MHz, DMSO-¢g) 613.40 (br s, 1H),
12.59 (br s, 1H), 8.16 (d} = 7.8 Hz, 1H), 7.86 (t) = 7.2

catalyzed QAr, reduction, cyclization, and oxidation sequences.Hz, 1H), 7.74-7.77 (m, 2H), 7.52-7.57 (m, 1H), 6269

It is worth mentioning that this protocol could pige diverse 2-
substituted, 3-substituted and 2,3-disubstitutednapolinone
derivatives. Further utilizations of this proto@k underway to
construct more complex molecules in our laboratory.

4, Experimental section
4.1. General information

All commercial materials and solvents were usedatly
without further purification’H and**C NMR spectra were
measured on a 300 MHz spectrometer using DMg@sd
the solvent with tetramethylsilane (TMS) as theeinal
standard. Mass spectra (MS) were recorded in electr
impact mode. Melting points were determined on dtinge

(m, 1H), 6.94 (dJ = 8.9 Hz, 1H), 3.80 (s, 3H). ESI-M8/z
269.1 [M + HT.

4.2.6. 2-(3,5-Dichloro-2-hydroxyphenyl)quinazolin-4(3H)-
one (5f).*® Light yellow soiid, 454 mg (74% vyield); m.p. >
290 °C. '"H NMR (300 MHz, DMSO-g) 37.72 (s, 1H),
7.49-7.59 (m, 3H), 7.33 (d,= 7.9 Hz, 1H), 7.23 () = 7.5
Hz, 1H). ESI-MSm/z 305.0 [M - H].

4.2.7. 2-(3,5-Dibromo-2-hydroxyphenyl)quinazolin-4(3H)-
one (5g).*° Light yellow solid, 436 mg (55% yield); m.p. >
90°C.™H NMR (300 MHz, DMSO-g) J15.55 (br s, 1H),
12.87 (br s, 1H), 8.57 (s, 1H), 8.17 (o5 7.7 Hz, 1H), 7.99
(s, 1H), 7.84-7.92 (m, 2H), 7.59 &= 7.3 Hz, 1H). ESI-MS

m/z394.9 [M - HI.
4.2.8. 2-(3,5-Di-tert-butyl -2-hydr oxyphenyl)quinazolin-
4(3H)-one (5h).*° White solid, 666 mg (95% yield); m.p. >



290°C. 'H NMR (300 MHz, DMSO-¢g) 514.88 (br s, 1H),
12.78 (br's, 1H), 8.16 (d,= 7.8 Hz, 1H), 8.04 (s, 1H), 7.76-
7.87 (m, 2H), 7.53 () = 7.3 Hz, 1H), 7.43 (s, 1H), 1.43 (s,
9H), 1.33 (s, 9H). ESI-M&Vz 351.2 [M + HT.

4.2.9. 2-(o-Tolyl)quinazolin-4(3H)-one (5i).® Light yellow
solid, 293 mg (62% yield); m.p. 223-22@. '*H NMR (300
MHz, DMSO-d) 6 12.41 (s, 1H), 8.15 (d] = 7.9 Hz, 1H),
7.82 (t,J = 7.6 Hz, 1H), 7.67 (d] = 7.9 Hz, 1H), 7.48-7.55
(m, 2H), 7.40-7.45 (m, 1H), 7.29-7.35 (m, 2H), 2(873H).
ESI-MSm/z 259.1 [M + Na].

4.2.10. 2-(2,6-Dimethyl phenyl)quinazolin-4(3H)-one (5j).%* Light
yellow solid, 250 mg (50% yield); m.p. 119-12Q. 'H NMR
(300 MHz, DMSO-g) ¢ 12.43 (s, 1H), 8.16 (d = 7.9 Hz, 1H),
7.83 (t,J = 7.6 Hz, 1H), 7.66 (d] = 8.1 Hz, 1H), 7.54 (} = 7.5
Hz, 1H), 7.24-7.33 (m, 1H), 7.15 (d,= 7.6 Hz, 2H), 2.15 (s,
6H). ESI-MSm/z 273.1 [M + Na].

4.2.11. 2-(Thiophen-2-yl)quinazolin-4(3H)-one  (5k).*?
Yellow solid, 338 mg (74% vyield); m.p. 137-13€. 'H
NMR (300 MHz, DMSO-¢) §12.64 (s, 1H), 8.23 (d, = 3.7
Hz, 1H), 8.12 (dJ = 7.8 Hz, 1H), 7.86 (d] = 4.9 Hz, 1H),
7.78-7.83 (m, 1H), 7.65 (dl = 8.2 Hz, 1H), 7.46-7.51 (m,
1H), 7.22-7.25 (m, 1H). ESI-M8Vz 251.1 [M + Na].

4.2.12. 2-(Furan-2-yl)quinazolin-4(3H)-one (51).°* Brown
solid, 335 mg (79% vyield); m.p. 209-22€. "H NMR (300
MHz, DMSO-d) 012.48 (s, 1H), 8.12 (d] = 7.9 Hz, 1H),
8.00 (s, 1H), 7.81 (t) = 7.5 Hz, 1H), 7.69 (dJ = 8.0 Hz,
1H), 7.63 (dJ = 3.3 Hz, 1H), 7.49 (tJ = 1.5 Hz, 1H), 6.75
(s, 1H). ESI-MS1/z 235.1 [M + Nal.

4.2.13. 2-(Pyridin-2-yl)quinazolin-4(3H)-one g5m).22 Brown
solid, 317 mg (71% vyield); m.p. 144-146. "H NMR (300
MHz, DMSO-d) J11.80 (s, 1H), 8.77 (d] = 4.3 Hz, 1H),
8.47 (d,J = 7.9 Hz, 1H), 8.19 (d] = 7.9 Hz, 1H), 8.06-8.11
(m, 1H), 7.80-7.91 (m, 2H), 7.65-7.69 (m, 1H), ZBB6O
(m, 1H). ESI-MSMz 246.1 [M + Na].

4.2.14. Quinazolin-4(3H)-one $5n).23 White solid, 208 mg
(71% yield); m.p. 205-20%C. *H NMR (300 MHz, DMSO-
de) 312.21 (br s, 1H), 8.09-8.14 (m, 2H), 7.79-7.84 L),

7.66 (d,J = 8.1 Hz, 1H), 7.49-7.54 (m, 1H). ESI-M&/z

147.0 [M + HJ.

4.2.15. 2-Propylquinazolin-4(3H)-one (50).> White solid,

245 mg (65% yield); m.p. 189-19C. *H NMR (300 MHz,

DMSO-d;) 612.14 (br s, 1H), 8.08 (d,= 7.4 Hz, 1H), 7.74-
7.79 (m, 1H), 7.59 (dJ = 8.1 Hz, 1H), 7.42 (J = 7.7 Hz,
1H), 2.50-2.60 (m, 2H), 1.68-181 (m, 2H), 0.85-006,

3H). ESI-MSm/z 189.1 [M + HJ.

4.2.16. 3-Methylquinazolin-4(3H)-one (5p).** White solid,
218 mg (68% yield); m.p. 58-6%C. '"H NMR (300 MHz,
DMSO-d;) §8.37 (s, 1H), 8.16 (d) = 7.9 Hz, 1H), 7.79-
7.84 (m, 1H), 7.67 (d) = 8.1 Hz, 1H), 7.51-7.56 (m, 1H),
3.50 (s, 3H). ESI-M$Wz 161.1 [M + HJ.

4.2.17. 3-Phenylquinazolin-4(3H)-one (5q).>* White solid, 324
mg (73% vyield); m.p. 128-13%. *H NMR (300 MHz, DMSO-
ds) 58.34 (s, 1H), 8.21 (d] = 7.9 Hz, 1H), 7.89 (i = 8.0 Hz,
1H), 7.35 (d,J = 8.1 Hz, 1H), 7.49-7.63 (m, 6H). ESI-M&z
223.1 [M + HT.

4218.  3-Methyl-2-phenylquinazolin-4(3H)-one  (5r).*"
White solid, 383 mg (81% yield); m.p. 112-1°. '"H NMR
(300 MHz, DMSO-¢) 58.18 (d,J = 8.0 Hz, 1H), 7.82-7.87
(t, J = 7.3 Hz, 1H), 7.67-7.69 (m, 3H), 7.56-7.59 (m,)4H
3.36 (s, 3H). ESI-M3vz 237.1 [M + H].

4.2.19. 3-Ethyl-2-phenyl quinazolin-4(3H)-one (5s).°> White
solid, 415 mg (83% yield); m.p. 122-12@. '"H NMR (300
MHz, DMSO-d) §8.20 (d,J = 7.9 Hz, 1H), 7.82-7.87 (m,
1H), 7.63-7.67 (m, 3H), 7.54-7.62 (m, 4H), 3.8633@n,
2H), 1.09 (tJ = 7.0 Hz, 3H). ESI-MS$/z251.1 [M + H[.
4.2.20. 3-Cyclohexyl-2-phenylquinazolin-4(3H)-one (5t).%°
Light yellow solid, 353 mg (58% yield); m.p. 1138.1C.
'H NMR (300 MHz, DMSO-g) 58.16 (d,J = 7.9 Hz, 1H),
7.82 (t,d = 7.7 Hz, 1H), 7.51-7.64 (m, 7H), 3.74 Jt= 11.8

5
Hz, 1H), 2.50-2.60 (m, 2H), 1.72-1.74 (m, 4H), 11432
(d,J=12.8 Hz, 1H), 1.02-1.19 (m, 1H), 0.77-0.90 (rhi)2
ESI-MSm/z305.2 [M + HT.
4.2.21. 2,3-Diphenylquinazolin-4(3H)-one (5u).”’ Light
yellow solid, 370 mg (62% yield); m.p. 143-14€. ‘H
NMR (300 MHz, DMSO-¢) 08.20 (d,J = 7.7 Hz, 1H),
7.88-7.93 (m, 1H), 7.77 (dl = 7.9 Hz, 1H), 7.58-7.63 (m,
1H), 7.36-7.39 (m, 2H), 7.28-7.32 (m, 4H), 7.2147 (2,
4H). ESI-MSnvz 299.1 [M + HT.
4.2.22. 3-(4-Ethyl phenyl)-2-phenyl qui nazolin-4(3H)-one
(5v). White solid, 457 mg (70% yield); m.p. 154-1%8. 'H
NMR (300 MHz, DMSO-¢) §8.17-8.21 (m, 1H), 7.87-7.92
(m, 1H), 7.75 (dJ = 7.8 Hz, 1H), 7.57-7.62 (m, 1H), 7.35-
7.39 (m,2H), 7.19-7.26 (m, 5H), 7.13 (d, = 8.3 Hz, 2H),
2.56 (t,J = 7.6 Hz, 2H), 1.12 (tJ = 7.6 Hz, 3H)°*H NMR
(75 MHz, DMSO-d) 6 161.4, 156.6, 155.3, 147.2, 143.6,
135.7, 135.4, 134.7, 129.2, 128.8, 127.8, 127.2,3,227.1,
126.4, 27.6, 15.3. ESI-M&/z 327.1 [M + H]. HRMS calcd
for C,,H1gN,ONa [M + Na] 349.1317, found 349.1323.
4.2.23.  3-(4-Ethoxyphenyl)-2-phenyl qui nazolin-4(3H)-one
$5W).27 White solid, 493 mg (72% yield); m.p. 147-1%0.
H NMR (300 MHz, DMSO-¢) 48.18 (d,J = 7.9 Hz, 1H),
7.86-7.92 (m, 1H), 7.75 (d,= 7.8 Hz, 1H), 7.59 (J = 7.1
Hz, 1H), 7.36-7.39 (m, 2H), 7.18-7.26 (m, 5H), 7(84J =
8.9 Hz, 2H), 3.92-3.99 (m, 2H), 1.26-1.29 (m, 3B%I-MS
m/z 365.1 [M + Na].
4.2.24. 3-(4-Nitrophenyl)-2-phenyl quinazolin-4(3H)-one
$5x).27YeIIow solid, 460 mg (67% yield); m.p. 163-166.
H NMR (300 MHz, DMSO-¢) 68.20 (d,J = 7.7 Hz, 1H),
7.89-7.94 (m, 1H), 7.77 (dl = 8.1 Hz, 1H), 7.70 (s, 1H),
7.61 (t,J = 7.6 Hz, 1H), 7.46 (d] = 8.1 Hz, 1H), 7.34-7.41
(m, 2H), 7.23-7.28 (m, 5H). ESI-M®/z 366.1 [M + Na].
4.2.25.  3-(3-Bromophenyl)-2-phenyl qui nazolin-4(3H)-one
(5y). Yellow solid, 694 mg (92% yield); m.p. 189-18€.
H NMR (300 MHz, DMSO-¢) 98.16-8.23 (m, 3H), 7.91-
7.95 (m, 1H), 7.79 (dJ = 8.0 Hz, 1H), 7.66-7.70 (m, 2H),
7.61-7.63 (m, 1H), 7.40 (dl = 7.0 Hz, 2H), 7.25-7.28 (m,
3H). ®H NMR (75 MHz, DMSO-¢) d161.1, 154.1, 147.1,
146.7, 143.8, 135.1, 135.0, 131.2, 129.2, 128.9,71,227.5,
127.3, 126.4, 123.7, 120.6. ESI-M8z 400.1 [M + Nal.
HRMS calcd for GH;3BrN,ONa [M + NaJ 399.1317,
found 399.1321.

4.2.26. 2-Phenylpyrido[2,3-d] pyrimidin-4(3H)-one (7a).?®
White solid, 321 mg (72% yield); m.p. 178-1%D. 'H NMR
(300 MHz, DMSO-@) 0 11.81 (s, 1H), 8.77 (d = 4.3 Hz,
1H), 8.47 (dJ = 3.9 Hz, 1H), 8.20 (d] = 8.0 Hz, 1H), 8.09
(t, J = 8.0 Hz, 1H), 7.80-7.91 (m, 2H), 7.65-7.69 (m,)1H
7.56-7.61 (m, 1H). ESI-M8Vz 246.1 [M + Na].

4.2.27. 3-Methyl-2-phenylpyrido[ 2,3-d] pyrimidin-4(3H)-one
(7h).2° Light yellow solid, 294 mg (62% yield); m.p. 193-
195 °C. "H NMR (300 MHz, DMSO-¢) J 8.97-8.99 (m,
1H), 8.55-8.59 (mé 1H), 7.69-7.72 (m, 2H), 7.5667 @n,
4H), 3.37 (s, 3H)C NMR (75 MHz, DMSO-¢) 0162.2,
159.1, 156.9, 156.0, 135.8, 135.0, 130.0, 128.8,2,2122.5,
115.2, 34.1. ESI-M®vz 260.1 [M + Na].

4.2.28. 3-Benzyl-2-phenylpyrido[ 2,3-d] pyrimidin-4(3H)-one
gc).30 White solid, 545 mg (87% yield); m.p. 110-1id.

H NMR (300 MHz, DMSO-¢) 99.01-9.03 (m, 1H), 8.60
(d,J = 7.9 Hz, 1H), 7.60-7.64 (m, 1H), 7.42-7.52 (mé)5H
7.21-7.23 (m, 3H), 6.96 (d,= 7.1 Hz, 2H), 5.19 (s, 2H)’C
NMR (75 MHz, DMSO-¢) J 162.1, 159.3, 156.8, 156.3,
156.1, 136.4, 136.2, 134.8, 130.0, 128.7, 128.8,3,228.1,
127.9, 127.2, 126.3, 122.9, 48.6. ESI-M# 336.1 [M +
Na]".

4.2.29. 3-(4-Chlorophenyl)-2-phenyl pyrido[ 2,3-d] pyrimidin-
4(3H)-one (7d). White solid, 427 mg (64% yield); m.p. 217-
218°C.'"H NMR (300 MHz, DMSO-¢) §9.03 (s, 1H), 8.58
(d, J = 7.8 Hz, 1H), 7.60-7.65 (m, 1H), 7.38-7.42 (m,)6H
7.28-7.30 (m, 3H)™*C NMR (75 MHz, DMSO-¢) §161.9,
157.9, 157.1, 156.2, 136.5, 136.1, 135.1, 132.9,3,3.29.3,
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128.8, 128.6, 127.6, 122.8, 116.0. ESI-M& 356.0 [M +
Na]". HRMS calcd for GH,,CIN;ONa [M + Na] 356.1319,
found 349.1323.

4.3. Experimental procedurefor control experiments

To a solution of 2-iodobenzamid8a) (2.0 mmol) in DMSO
(3 mL), was added Naj{260 mg, 4.0 mmol) and CuBr (29 mg,
0.2 mmol). The reaction mixture was stirred at 50ut@er air
for 4 h. Water (30 mL) was added to the mixture, &mehn
extracted with ethyl acetate (15 mL) for three timd@he
extraction was washed with saturated NaCl solutioreddaver

anhydrous Ng50, and concentrated under reduced pressure. The

residue was purified by column chromatography oitasibel
using petroleum ether/ethyl acetate (8:1) as thentlto give8 as
a light brown solid (269 mg, 83% vyield).

To a solution oB (162 mg, 1.0 mmol) in DMSO (3 mL), was
added L-proline (23 mg, 0.2 mmol) and CuBr (15 td, mmol).
The reaction mixture was stirred at 80 °C undefai@ h to give
2-aminobenzamid®@ (m/'z = 159.1, [M + Nalj).

To a solution oB (162 mg, 1.0 mmol) in DMSO (3 mL), was
added benzaldehyddd) (117 mg, 1.1 mmol), L-proline (23 mg,
0.2 mmol) and CuBr (15 mg, 0.1 mmol). The reactmixture
was stirred at 80 °C under air. After disappeararfiteeoreactant
(monitored by TLC), water (30 mL) was added to thetuore,
and then extracted with ethyl acetate (15 mL) foedhttimes. The
extraction was washed with saturated NaCl solutioreddaver

anhydrous N#50, and concentrated under reduced pressure. The

residue was purified by column chromatography oitasibel
using petroleum ether/ethyl acetate (10:1) as linenéto giveba
as a white solid (186 mg, 84% vyield).

4.3.1. 2-Azidobenzamide (8).' '"H NMR (300 MHz, DMSO-¢) &
7.75 (s, 1H), 7.54-7.59 (m, 2H), 7.49-7.52 (m, 1H}277.35 (m,
1H), 7.21-7.26 (m, 1H). ESI-M8Vz 163.1 [M + H].
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