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Ullman Reactions

Copper-Catalyzed Self-Condensation of Benzamide: Domino
Reactions towards Quinazolinones
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Abstract: We herein report a simple and highly efficient micro-
wave-assisted, copper-catalyzed and ligand-free synthetic
method for 2-substituted 4(3H)-quinazolinones as domino reac-
tion. This reaction proceeds via self-condensation of substrate
(2-bromo/iodo benzamide) in the presence of a strong base
and copper catalyst. The substituted quinazolinones were ob-

tained in one-pot reaction by intramolecular cyclization (con-
densation) via Ullmann-type intermediate. Both the intermedi-
ates and quinazolinones were obtained in good yield and can
be further used as building blocks for developing the potential
novel drug-like compounds.

Introduction

Quinazolinones are valuable heterocyclic scaffolds that form the
backbone of many biologically active molecules and are wide-
spread in both natural products and pharmaceuticals.!" They
have been assigned as privileged structures in drug develop-
ment.[?! The quinazolinone derivatives exhibit a wide range of
pharmacological activities such as anticancer, anti-microbial,
anti-inflammatory, antitubercular, antiviral,'>-”! and are core
structures in several marketed drugs such as Methaqualone,
Etaqualone, Afloqualone, Chloroqualone, Quinethazone,
Fluproquazone, Tiacrilast, Raltitrexed etc.>® Additionally, quin-
azolinones have been used as ligands in the central nervous
system (CNS) as a CNS stimulant, analgesic, tranquilizer, and
antianxietic etc.’®!

The stability of the quinazolinone nucleus towards the oxid-
ation, reduction and hydrolysis reactions has motivated re-
searchers to introduce many bioactive moieties to this nucleus
and create new potential medicinal agents. Due to its broad
synthetic and medicinal applications of these molecules, there
has been much effort directed towards their synthesis.!'”

Over the years several new methodologies have been re-
ported for the synthesis of quinazolinone by using different
synthetic approach. However, the catalytic approach offers
numerous synthetic benefits over classical approach" which
includes; shorter reaction times, extended scope and reduced
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reaction temperatures.['%1213] Despite these advances, it has
been a challenge to synthesize highly functionalized quinazol-
inones from easily accessible starting materials and by employ-
ing green chemistry techniques.

In 2011, Zhou et al.l'¥ for the first time demonstrated one-
pot base-free domino reaction between primary alcohols and
o0-aminobenzamides via Iridium (Ir) catalyzed dehydrogenation,
affording quinazolinones in good yields (Scheme 1a). Similarly,
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Scheme 1. Metal catalyzed approach leading to quinazolinone.
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Xu et all'® reported copper-catalyzed domino synthesis of
quinazolinone via Ullmann-type coupling by aerobic oxidative
C-H amidation (Scheme 1b). In 2016, Upadhyaya et al.'? re-
ported a one-pot synthesis of 2-substituted quinazolinones by
employing ligand and base-free multi-pathway domino strat-
egy with copper(l) iodide (Cul) as catalyst. This methodology
provides a novel synthetic approach, utilizing inexpensive and
readily available multiform substrates. Further, this one-pot re-
action proceeds via multi-pathway coupled self-sequenced
domino reaction involving oxidative addition, reductive amin-
ation, an intermolecular oxidative nitrogenation of benzylic
C(sp®-H bond, intramolecular cyclization and oxidative de-
hydrogenation (Scheme 1c). However, this methodology utilizes
tert-butyl hydroperoxide (TBHP) as an oxidant and trimethylsilyl
azide (TMSN3) as a nitrogen source, which are crucial for the
reaction, making this methodology expensive and non-eco-
friendly as well as inconvenient.

In recent years, Microwave assisted organic synthesis (MAQS)
is preferred over conventional methods and has emerged as
a new “lead” with wide applications in chemical synthesis. In
comparison to conventional synthetic methods MAOS are sim-
ple, clean, fast, efficient, and economic mainly due to its highly
accelerated rate of reaction leading to reduction in reaction
time with increased yield and purity.['>! Similarly, MAOS tech-
nique offers an environmental friendly approach with the wide
applications in the field of green chemistry. Further, this tech-
nigue found to be compatible with almost all kinds of reactions
such as heterocyclic synthesis,['®'”! organometallic cross-cou-
pling reactions,'®22! rearrangement,?3-2! cycloaddition!?728!
etc.

In our current approach, we present a straightforward, mild,
economic and environmental friendly microwave assisted cop-
per-catalyzed strategy for the synthesis of 2-substituted 4(3H)-
quinazolinone derivatives. This reaction proceeds via self-con-
densation of 2-bromo/iodo benzamides (Scheme 1d). Thus the
proposed methodology is very attractive in comparison with
the earlier reported methods due to: a) absence of ligand and
oxidant, b) use of common substrate (2-bromobenzamide) and
¢) alcohols acts as solvent as well as the substrate.

Results and Discussion

In the present work, we report a simple and efficient microwave
assisted copper-catalyzed novel methodology to synthesize
quinazolinone derivatives from 2-bromo/iodo benzamide. This
reaction was performed in the presence of a base and different
alcohols acting as both solvent and substrate. The preliminary
reactions were performed with 0.25 equiv. Cu(OAc), and
1.25 equiv. Cs,CO;5 by varying reaction time and temperature.
All the reactions were monitored by TLC. The best results were
obtained at 120 °C in 10 min. By maintaining the optimized
conditions (time: 10 min and temperature: 120 °C), the optimal
stoichiometric ratio of base and catalyst loading with respect
to substrate A (2-bromobenzamide) was determined. It was ob-
served that the base (Cs,CO3) and catalyst [Cu(OAc),] played a
crucial role (entry 16 and 23), and best yields were obtained at
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1.25 equiv. of base and 0.1-0.25 equiv. of the copper catalyst
(entry 19, 24). Further, the effect of dilution was investigated
(Table S5), and it revealed that with the decrease in dilution
drastically improved the yield of the desired product B (entry
28-32).

By taking the above preliminary optimization results in to an
account, we have reported standard preliminary reaction condi-
tions “a@” (Table S2) and performed further screening of base
(Table S6), catalyst (Table S7), solvent (Table S8) and leaving
group (Table S9). Screening of eight different bases revealed
that organic (entry 38-39) and weak inorganic bases (entry 36—
37) resulted in no product, while the product formation was
only observed with strong inorganic bases such as NaOH, KOH,
and Cs,CO; (entry 33-35). The optimal base performance was
observed with Cs,CO5 (entry 35). In addition, screening of the
catalyst indicated that both Copper I and Il are equally the best
catalysts for this transformation (entry 41-46), with Cu'l giving
slightly better yields.

Our initial investigation showed that solvent played a crucial
role and it also acted as a substrate. Performing the reaction in
aprotic non-polar solvents (entry 61-68) resulted in no product
formation while the desired product in good yield was obtained
in polar solvents like alcohols (entry 53-58). Further, combina-
tion of the non-polar aprotic solvent such as 1,2-dichloroethane
(DCE) and ethanol decreased the rate of product formation (en-
try 69-70). In addition, replacement of copper catalysts (entry
48-52) with other oxidants resulted in no product formation.
This confirmed that the reaction proceeds via Ullmann-type.
Study of different leaving groups (halogens) on substrate A (en-
try 71-76) revealed that iodine gave the best results, followed
by bromine, while no product was obtained with chlorine as a
substituent. Similarly, the reactions with fluoro and nitro deriva-
tives of substrate A resulted in intermediate C only (entry 72,
74, 75), with incomplete consumption of the starting material
A.

After optimizing the reaction condition “b” (Table S2), we
also explored the scope of the reaction by using different alco-
hols as substrates, summarized in Table 1. Furthermore, the re-
activity of different substituted 2-bromobenzamide (Substrate
A) were investigated, revealing that the neutral groups, such as
methyl substituents on the ortho and para positions gave high
product yield 92 and 87 % respectively (entry 9 and 10) as pre-
sented in Table 2. It is notable that the substrates with electron
withdrawing groups (bromo and chloro) afforded good yield
(entry 11-13), while moderate yields were presented for sub-
strates with electron donating substituents (entry 14-15).

The structure of the desired compound 6B (CCDC 1834560)
was confirmed by X-ray single crystal diffraction analysis (Fig-
ure 1).

Slightly, better yields were obtained when reactions were
performed by conventional method (seal tube) as compared to
the microwave synthesis (entry 77-83). However, the duration
of the reaction time was quite long (4 h) at 120-150 °C (Table
S10).

Unlike the conventional heating, the microwave synthesis
was rapid (10 min), safer and with minimal solvent require-
ment.
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Table 1. Derivatization using different solvents with optimized reaction condi-

tion (b).
0
@\’)LNHZ A (0.499 mmol) dL
X Cs,C0O5 (0.623 mmol)
Cul (0.049 mmol)
A(X=Br1) R (1 ml) clal

0] o} o] o]
10 0 H~*“© 0
P PP ol
O (0] (o] o]
\ L L_- AL
1B =R =methanol 2B =R = ethanol

3B =R = n-propanol 4B [ = R = isopropanol
76% [l 91% [ol 67% b 72% [P
74% [ 88% [ 64% © 68% [

(o] (0]
T~ | (P

5B 9.€1=R = nputanol 6B = R = allyl alcohol 7B [4-¢l = R = p-pentanol
66% (b1 69% I 30% [
65% [ 67% [ 25% [°1

8B = R = 2-bromo/chloro ethanol

n.d.
[a] Detection (by "H NMR) of C (10-20 %) in each reaction. [b] Determined
by TH NMR of crude reaction mixture. [c] Isolated yield. [d] Reaction time
20 min (10 + 10). [e] Water work up, extracted with Dichloromethane. n.d.
Not Detected.

Table 2. Derivatization using different substituted 2-bromobenzamides (A)
with optimized reaction condition (b).
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62% [
59% [©

[a] Detection (by 'H NMR) of C (10-20 %) in each reaction. [b] Determined
by "H NMR of crude reaction mixture. [c] Isolated yield.
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Figure 1. X-ray structure of compound 6B.

Mechanistic Study/Controlled Reactions

To investigate the plausible reaction mechanism, controlled ex-
periments were carried out with optimized reaction condition
“b", as shown in Scheme 2. From the reaction of 2-bromobenz-
amide (substrate A) with benzamide resulted in complete con-
sumption of substrate A, while the benzamide remained unre-
acted as shown in reaction Scheme 2-(1). This finding is in sup-
port of our assumption i.e. the reaction occurs by self-conden-
sation of 2-bromobenzamide only. In addition, reaction with
N-phenyl benzamide [Scheme 2-(2)] resulted in intermediate
formation only. This further confirms our proposed reaction
mechanism is Ullmann-type, where the intermediate C acts as
a nucleophile resulting in the formation of intermediate C1. In
addition, the relative rates of formation of intermediates C and
C1 were investigated. The reaction with substrate A [Scheme 2-
(3)] was done under reaction condition “b”, followed by step-
wise excess addition of A at regular intervals for the consump-
tion of the intermediate C. However, there was no significant
increase in the yield ratio of B and C. Similarly, as mentioned
earlier that decreasing the dilution increases the formation of
product B (Table S5). From these investigations, it is confirmed
that the rate of formation of intermediate C was faster than C1.

M o
QY et A @ T
benzamide (0.5 equiv.)
(0.5 equiv.)
(2
1,0 e
c\©\)-LN Cl\d“
H H
Br o
16
B o A (1 equiv.)

Cs,C04 (1.25 equiv
2C0; ( quiv.) B + ¢

b . iv.
d“”z 2 TE wome
Br 91% 1% ' 93%  10%

MW, 10 min
A

Scheme 2. Controlled reactions using optimized reaction condition (b) [A
(0.499 mmol), Cs,CO5 (0.623 mmol), Cul (0.049 mmol), Ethanol (1 mL)]: 1) 2-
bromobenzamide and benzamide as starting material. 2) 5-chloro, 2-bromo,
N-phenyl benzamide. 3) Stepwise addition of 2-bromobenzamide.

© 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim



Eur|OC

European Journal
V *ChemPUbSOC ofOrpgamc Chemistry
Europe Full Paper
(e} e} o}
EtOH
NH, Cul NH, 052003 H,N
4 ﬁ‘
Br Cu, Cu. o}
A I CSHCO& Cal OEt oyt Br ) c

Y

cu-N
r Cu't Br

C1

Scheme 3. Proposed reaction mechanism.

Proposed Reaction Mechanism

Based on our observations and results obtained, we propose a
possible reaction mechanism for the quinazolinone synthesis
(Scheme 3). This is a copper-catalyzed self-condensation of 2-
bromo/iodo benzamide via Ullmann-type domino reaction. The
reaction proceeds by formation of two intermediates C and C1.
In case of C, solvent acts as a nucleophile while in case of C1
the intermediate C acts as a nucleophile. The intermediate C1
further undergoes intramolecular cyclization (condensation) to
yield the desired product B.

Conclusions

In summary, we have developed a novel synthetic methodology
for the synthesis of substituted quinazolinones from cheap and
commonly available reagents. To the best of our knowledge,
our research group is the first to report one-pot Ullmann-type
synthesis of pharmacologically important quinazolinone scaf-
fold from a single substrate (2-bromobenzamide). The scope of
this new methodology was further explored to obtain deriva-
tives of quinazolinone by using different solvents. Both the scaf-
folds quinazolinone (B) and intermediate C can be used as a
building block in developing pharmaceutically important bio-
active molecules.?®3%5] The most attractive feature of this
methodology is that it is one-pot synthesis using inexpensive
catalysts and single substrate. It is a simple and quick reaction
with wide scope for derivatization employing green chemistry
methods. This work will certainly attract the attention of re-
searchers as well as industries.

Experimental Section

General Synthetic Procedure: By microwave: All the reagents and
solvent were added in microwave reaction tube as per reaction con-
dition “a@” or “b” (Table S2), then reaction was continued in micro-
wave reactor as per set parameters as shown in Table S3. Reaction
progress was monitored with TLC in 50 % Ethyl acetate/Hexane or
in DCM. By conventional method: All the reagents were added in
reaction tube (seal tube), resulting reaction mixture heated to
120 °C for 4 h. Reaction progress was monitored with TLC in 50 %
Ethyl acetate/hexane or in DCM. Column Purification: Solvent evap-

orated from reaction mixture on rotary evaporator, residue purified
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by column chromatography on neutral alumina (pH = 7), in di-
chloromethane as mobile phase.

2-(2-Methoxyphenyl)quinazolin-4(3H)-one (1B):13'32! White solid,
"H NMR (400 MHz, CDCls, 25 °C): 6 = 10.94 (br. s, 1 H), 8.57 (dd, J =
8.0, 1.5 Hz, 1 H), 8.30 (dd, /= 8.0, 1.3 Hz, 1 H), 7.86 (d, / = 8.0 Hz, 1
H), 777 (t, J =76 Hz, 1 H), 753 (t, J = 8.0 Hz, 1 H), 747 (t, J =
7.6 Hz, 1 H), 718 (t, J = 7.6 Hz, 1 H), 7.08 (d, J = 8.3 Hz, 1 H), 4.06
(s, 3 H) ppm. 3C NMR (400 MHz, CDCls, 25 °C): & = 161.4, 158.0,
151.4, 148.0, 134.9, 134.1, 132.3, 127.3, 127.0, 126.8, 122.3, 118.9,
112.1, 56.5 ppm. Mass: HRMS (ESI*) m/z for C;5H,,N,0, + Na*: calcd,
275.0796; found 275.0795.

2-(2-Ethoxyphenyl)quinazolin-4(3H)-one (2B):3? White solid, 'H
NMR (400 MHz, CDCl;, 25 °C): 6 = 11.09 (br. s, 1 H), 8.54 (dd, J =
8.0, 1.7 Hz, 1 H), 8.30 (dd, J/ = 8.0, 1.1 Hz, 1 H), 7.79 (m, 1 H), 7.76
(m, TH), 749 (m, 1 H), 746 (m, 1 H), 7.16 (t, J = 7.7 Hz, 1 H), 7.05
(d, J=8.2Hz 1H), 430 (q,J=7.0Hz 2 H), 160 (t, J=7.0 Hz, 3 H)
ppm. 3C NMR (400 MHz, CDCl;, 25 °C): 6 = 161.6, 157.1, 151.0,
149.3, 134.4, 133.2, 131.5, 127.9, 126.5, 126.4, 121.9, 1214, 112.9,
65.4, 14.6 ppm. Mass: HRMS (ESI*) m/z for C;6H14N,0, + Na*: calcd,
289.0953; found 289.0962.

2-(2-Propoxyphenyl)quinazolin-4(3H)-one (3B): Pale yellow solid,
"H NMR (400 MHz, CDCls, 25 °C): d = 11.06 (br. s, 1 H), 8.48 (dd, J =
8.0, 1.7 Hz, 1 H), 8.22 (dd, J = 8.0, 1.4 Hz, 1 H), 7.74 (d, J = 8.0 Hz, 1
H), 7.69 (dt, J = 7.6, 1.5 Hz, 1 H), 7.42 (dt, J = 8.0, 1.7 Hz, 1 H), 7.39
(dt, J=7.5,14 Hz, 1 H), 7.08 (t, J= 7.7 Hz, 1 H), 6.98 (d, J = 8.4 Hz,
1H), 411 (t, J=65Hz 2H),193(q,J=70Hz 2H), 109 (t J =
7.4 Hz, 3 H), ppm. *C NMR (400 MHz, CDCl;, 25 °C): 0 = 161.8,
157.5, 151.1, 149.3, 134.5, 133.3, 131.5, 127.8, 126.5, 126.5, 121.8,
121.2,119.8, 112.9, 71.2, 22.5, 10.7 ppm. Mass: HRMS (ESI*) m/z for
Cy7H16N,0, + H*: caled, 281.1290; found 281.1288.

2-(2-Isopropoxyphenyl)quinazolin-4(3H)-one (4B): Pale yellow
solid, "TH NMR (400 MHz, CDCls, 25 °C): 6 = 11.23 (br. s, 1 H), 8.61
(d,J=75Hz, 1H),830(d,J=78Hz 1H),792(d,J=76Hz 1
H), 777 (t, J =74 Hz, 1 H), 750 (t, J =78 Hz, 1 H), 747 (t, J =
75Hz, 1 H), 717 (t, J =74 Hz, 1 H), 7.07 (d, J = 8.2 Hz, 1 H), 4.81
(m, 1 H), 1.51 (d, J = 6.0 Hz, 6 H) ppm. '3C NMR (400 MHz, CDCl5,
25 °C): 0 = 161.3, 156.5, 151.4, 148.4, 134.8, 133.6, 131.9, 127.5,
126.8, 126.6, 122.1, 121.1, 119.8, 114.9, 73.3, 22.4 ppm. Mass: HRMS
(ESI*) m/z for C;;H,6N,0, + Na*: calcd, 303.1109; found 303.1113.

2-(2-Butoxyphenyl)quinazolin-4(3H)-one (5B): Yellow solid, 'H
NMR (400 MHz, CDCl;, 25 °C): 6 = 11.23 (br. s, 1 H), 8.76 (d, J =
8.0 Hz, 1 H), 8.30 (d, J = 8.0 Hz, 1 H), 8.24 (d, /= 6.0 Hz, 1 H), 7.83
(t, J=75Hz, 1 H), 757 (t, J=80Hz 1H),753(m,1H),724(t J=
7.6 Hz, 1 H), 7.09 (d, J = 8.4 Hz, 1 H), 425 (t, J = 6.5 Hz, 2 H), 1.97
(m, 2 H), 1.59 (m, 2 H), 1.04 (t, J = 7.4 Hz, 3 H) ppm. 3C NMR
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(400 MHz, CDCl3, 25 °C): 6 = 160.5, 157.8, 146.0, 135.2, 134.8, 132.3,
127.3, 126.5, 126.0, 122.2, 1204, 116.8, 113.0, 69.8, 31.0, 19.2,
14.0 ppm. Mass: HRMS (ESI*) m/z for CigH.gN>O, + H*: calcd,
295.1447; found 295.1445.

2-[2-(Allyloxy)phenyl]lquinazolin-4(3H)-one (6B): White solid
(crystal), "TH NMR (400 MHz, CDCls, 25 °C): 6 = 11.04 (br. s, 1 H), 8.43
(dd, J=8.0, 1.6 Hz, 1 H), 8.25 (d, J = 8.0 Hz, 1 H), 7.73 (m, 2 H), 7.41
(m, 2 H),7.09 (t, J=7.6 Hz, 1 H), 6.98 (d, J = 83 Hz, 1 H), 6.08 (m,
1H),545(d,J=172Hz 1H),536(d, J=10.5Hz 1 H),471 (d,J=
5.2 Hz, 2 H) ppm. "*C NMR (400 MHz, CDCls, 25 °C): 6 = 161.7, 156.7,
150.8, 149.3, 1344, 133.0, 131.6, 131.5, 127.7, 126.4, 126.3, 121.9,
121.1, 120.2, 119.2, 113.2, 70.0 ppm. Mass: HRMS (ESI*) m/z for
C;7H14N50,5 + Na*: caled, 301.0953; found 301.0959.

2-[2-(Pentyloxy)phenyllquinazolin-4(3H)-one (7B): Semisolid, 'H
NMR (400 MHz, CDCl3, 25 °C): 6 = 11.03 (br. s, 1 H), 8.49 (dd, J =
8.0, 1.9 Hz, 1 H), 823 (d, J = 8.0 Hz, 1 H), 771 (m, 1 H), 7.69 (m, 1
H), 742 (m, 1 H), 7.38 (m, 1 H), 7.09 (t, J = 7.6 Hz, 1 H), 6.99 (d, J =
8.4 Hz, 1 H), 416 (t, J = 6.7 Hz, 2 H), 1.92 (m, 2 H), 1.48 (m, 2 H),
1.38 (m, 2 H), 0.98 (t, J = 7.2 Hz, 3 H) ppm. '3C NMR (400 MHz,
CDCl5, 25 °C): 6 = 161.5, 157.4, 151.3, 149.0, 134.2, 132.9, 131.5,
127.8, 126.4, 126.2, 121.6, 121.4, 120.2, 112.7, 69.6, 28.6, 22.2, 22.3,
13.8 ppm. Mass: HRMS (ESI*) m/z for C;;H.4N,O, + H*: calcd,
309.1603; found 309.1605.

2-(2-Ethoxy-3-methylphenyl)-8-methylquinazolin-4(3H)-one
(9B): White solid, "TH NMR (400 MHz, CDCls, 25 °C): 6 = 10.88 (br. s,
1 H), 8.19 (dd, J = 7.0, 1.6 Hz, 1 H), 8.09 (dd, J = 8.0, 1.3 Hz, 1 H),
754 (d,J=74Hz, 1H),728( J=76Hz 1H),728(d, J=75Hz
1H), 713t J=77Hz 1H),385(q,J=7.1Hz 2H), 263 (s, 3 H),
2.29 (s, 3 H), 1.40 (t, J = 7.1 Hz, 3 H) ppm. "3C NMR (400 MHz, CDCl;,
25 °C): 0 = 162.2, 155.9, 149.6, 147.8, 136.4, 135.1, 134.8, 132.4,
129.1, 126.2, 125.2, 125.0, 124.1, 121.4, 70.8, 17.7, 16.1, 15.5 ppm.
Mass: HRMS (ESI*) m/z for C;gH,gN>0O, + Na™: calcd, 317.1266; found
317.1265.

2-(2-Ethoxy-4-methylphenyl)-7-methylquinazolin-4(3H)-one
(10B): Pale yellow solid, "H NMR (400 MHz, CDCl3, 25 °C): 6 = 11.01
(br.s, 1 H), 834 (d, J= 8.0 Hz, 1 H), 8.09 (d, J = 8.0 Hz, 1 H), 7.52 (s,
1H),718(d, J=80Hz 1H),687(d,J=80Hz 1H),6.75(s, 1H),
4.19(q,J=7.0Hz 2H), 243 (s,3H),233(s,3H),1.52(t,J=7.0Hz
3 H) ppm. *C NMR (400 MHz, CDCls, 25 °C): 6 = 161.8, 157.2, 151.2,
149.4, 1454, 144.2, 131.3, 127.9, 127.3, 126.2, 122.7, 118.7, 1171,
113.6, 65.2, 22.0, 21.9, 14.8 ppm. Mass: HRMS (ESI*) m/z for
CygH1gN,0, + Na™: caled, 317.1266; found 317.1271.

6-Bromo-2-(5-bromo-2-ethoxyphenyl)quinazolin-4(3H)-one
(11B): White solid, "H NMR (400 MHz, CDCls, 25 °C): 6 = 11.04 (br.
s, 1 H), 860 (d, J=25Hz 1H), 834 (d, J=23Hz, 1 H), 7.78 (dd,
J=8.6,13Hz 1H),760(d, J=8.6Hz, 1H),752(dd, J=9.0, 2.5 Hz,
1H), 687 (d,J=9.0Hz, 1H),423(q,J=70Hz 2 H), 155 ( J=
7.0 Hz, 3 H) ppm. "3C NMR (400 MHz, CDCl3, 25 °C): 6 = 160.5, 156.4,
149.9, 148.0, 137.9, 136.0, 134.0, 129.8, 129.1, 122.7, 121.3, 120.5,
114.9, 114.5, 65.9, 14.7 ppm. Mass: HRMS (ESI*) m/z for C;¢H4,N>0,
+ Na*: calcd, 444.9163; found 444.9169.

7-Chloro-2-(4-chloro-2-ethoxyphenyl)quinazolin-4(3H)-one
(12B): White solid, "H NMR (400 MHz, CDCls, 25 °C): 6 = 10.96 (br.
s,1TH),842(d, J=80Hz 1H),813(d, J=86Hz 1H),772 (s, 1
H), 734 (d, /=84 Hz, 1 H), 7.07 (d, J = 8.0 Hz, 1 H), 6.98 (s, 1 H),
42 (q, J = 6.6 Hz, 2 H), 1.56 (t, J = 6.6 Hz, 3 H) ppm. '3C NMR
(400 MHz, CDCl5, 25 °C): 0 = 161.0, 157.7, 151.3, 149.9, 140.9, 139.5,
132.8,128.0, 127.3,127.2, 122.3,119.7, 117.9, 113.6, 66.0, 14.7 ppm.
Mass: HRMS (ESI*) m/z for C;¢H1,N,0, Cl; + Na*: caled, 357.0174;
found 357.0179.
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6-Chloro-2-(5-chloro-2-ethoxyphenyl)quinazolin-4(3H)-one
(13B): White Solid, "TH NMR (400 MHz, CDCls, 25 °C): 6 = 11.09 (br.
s, TH), 843 (d, J=24Hz 1H),816 (s, 1 H), 7.65 (d, J = 8.7 Hz, 1
H), 7.62 (dd, J = 8.8, 2.5 Hz, 1 H), 7.36 (dd, J = 8.8, 2.5 Hz, 1 H), 6.92
(d, J=89Hz, 1H),422(q,J=7.0Hz, 2H),1.53 (t, J=7.0 Hz, 3 H)
ppm. 3C NMR (400 MHz, CDCl;, 25 °C): 0 = 160.7, 155.9, 149.9,
147.7, 135.1, 133.0, 132.6, 131.0, 129.6, 127.3, 125.9, 122.4, 121.0,
114.5, 65.9, 14.7 ppm. Mass: HRMS (ESI*) m/z for C;6H;,N,0, Cl, +
Na*: calcd, 357.0174; found 357.0178.

2-(2-Ethoxy-5-methoxyphenyl)-6-methoxyquinazolin-4(3H)-one
(14B): Yellow solid, "TH NMR (400 MHz, CDCls, 25 °C): 0 = 11.18 (br.
s, TH), 800 (d, J=25Hz 1H), 796 (dd, J =9.0, 2.7 Hz, 1 H), 7.71
(d, J=85Hz 1H),759(d,J=27Hz 1H), 730 (dd, J= 8.8, 2.9 Hz,
1H), 691 (d,J=9.0Hz 1H), 416 (q,J=6.9 Hz, 2 H), 3.86 (s, 3 H),
3.82 (s, 3 H), 1.50 (t, J = 6.9 Hz, 3 H) ppm. *C NMR (400 MHz, CDCl;,
25 °C): 0 = 161.5, 158.4, 154.3, 151.4, 148.8, 143.7, 129.3, 124.9,
120.6, 119.6, 115.0, 114.5, 105.9, 66.1, 56.0, 55.9, 14.9 ppm. Mass:
HRMS (ESI*) m/z for C,gH,gN,O4 + Na*: calcd, 349.1164; found
349.1167.

2-(2-Ethoxy-4,5-dimethoxyphenyl)-6,7-dimethoxyquinazolin-
4(3H)-one (15B): Yellow solid, "H NMR (400 MHz, CDCls, 25 °C): 6 =
11.01 (br. s, 1 H), 7.95 (s, 1 H), 7.51 (s, 1 H), 7.15 (s, 1 H), 6.48 (s, 1
H), 4.18 (q, J = 7.0 Hz, 2 H), 3.95 (s, 3 H), 3.92 (s, 3 H), 3.91 (s, 3 H),
3.87 (s, 3 H), 1.51 (t, J = 7.0 Hz, 3 H) ppm. *C NMR (400 MHz, CDCls,
25 °C): 6 = 161.1, 155.1, 152.8, 152.4, 149.7, 148.7, 145.5, 144.0,
114.2, 112.4, 111.4, 107.9, 105.4, 98.3, 66.5, 56.5, 56.3, 56.3, 56.2,
14.9 ppm. Mass: HRMS (ESI*) m/z for C5oH,,N,04 + Na*: calcd,
409.1376; found 409.1378.

2-Methoxybenzamide (1C):13#3>! White solid, "H NMR (400 MHz,
CDCl3, 25 °C): 6 = 8.12 (dd, J = 8.0, 1.5 Hz, 1 H), 7.66 (br. s, 1 H),
739 (t, J=8.0Hz 1 H),6.99(t J=7.6Hz 1H) 690 (d, /=82 Hz
1 H), 6.43 (br. s, 1 H), 3.87 (s, 3 H) ppm. '3C NMR (400 MHz, CDCl5,
25 °C): 6 = 167.3, 157.9, 133.4, 132.5, 121.2, 111.4, 77.4, 77.1, 76.8,
55.9 ppm. Mass: HRMS (ESI*) m/z for CgHgNO, + Na*: calcd,
174.0531; found 174.0532.

2-Ethoxybenzamide (2C):13%! White solid, "H NMR (400 MHz, CDCl;,
25°C): 6 = 8.15 (dd, J = 8.0, 1.9 Hz, 1 H), 7.80 (br. s, 1 H), 7.38 (dt,
J=80,19Hz, 1H),699( J=76Hz 1H),689 (d J=285Hz1
H), 6.08 (br.s, 1 H), 413 (q,J=7.0Hz 2 H), 1.44 (t, /= 7.0 Hz, 3 H)
ppm. 3C NMR (400 MHz, CDCl;, 25 °C): 6 = 167.3, 157.4, 133.4,
132.6, 121.2, 112.4, 77.3, 64.8, 14.9 ppm. Mass: HRMS (ESI*) m/z for
CoH1:NO, + Na*: calcd, 188.0687; found 188.0688.

2-Propoxybenzamide (3C):1>¥! Pale yellow solid, "H NMR (400 MHz,
CDCl3, 25 °C): 0 = 8.13 (dd, J = 8.0, 2.0 Hz, 1 H), 7.78 (br. s, 1 H),
737 (dt, J=7.8,1.9 Hz, 1 H), 6.98 (dt, J = 7.6, 1.0 Hz, 1 H), 6.89 (d,
J=8.2Hz, 1H), 635 (br.s, 1H), 401 (t J=6.5Hz 2 H), 1.82 (m, 2
H), 1.00 (t, J = 7.5 Hz, 3 H) ppm. '*C NMR (400 MHz, CDCls, 25 °C):
0 =167.4,157.5,133.4, 132.6, 121.1, 120.9, 112.4, 70.7, 22.6,
10.7 ppm. Mass: HRMS (ESI*) m/z for C;oH;3NO, + Na*: calcd,
202.0844; found 202.0839.

2-Isopropoxybenzamide (4C):>% White solid, '"H NMR (400 MHz,
CDCls, 25 °C): 6 = 8.13 (dd, J = 7.5, 2.0 Hz, 1 H), 7.86 (br. s, 1 H),
735 (dt, J=79,19Hz, 1 H),6.96 (t J=7.6Hz, 1 H), 689 (d,J=
8.4 Hz, 1 H), 6.35 (br. s, 1 H), 467 (m, 1 H), 1.34 (d, J = 6.0 Hz, 6 H)
ppm. 3C NMR (400 MHz, CDCls, 25 °C): 6 = 167.6, 156.3, 133.3,
132.7,121.2, 113.8, 71.9, 22.2 ppm. Mass: HRMS (ESI*) m/z for
C;0H13NO, + Na*: calcd, 202.0844; found 202.0840 [M + Na]*. Note:
reaction was incomplete.

2-Butoxybenzamide (5C):1>3! Pale yellow solid, '"H NMR (400 MHz,
CDCls, 25 °C): 6 = 8.13 (dd, J = 8.0, 2.0 Hz, 1 H), 7.77 (br. s, 1 H),
7.36 (dt, J = 8.0, 20 Hz, 1 H), 6.97 (t, J =75 Hz, 1 H), 6.89 (d, J =
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8.2 Hz, 1 H), 6.47 (br.s, 1 H), 4.04 (t, J = 6.6 Hz, 2 H), 1.77 (m, 2 H),
1.43 (m, 2 H), 0.92 (t, J = 7.4 Hz, 3 H) ppm. 3C NMR (400 MHz,
CDCl3, 25 °C): 6 = 167.6, 157.5,133.3, 132.5, 121.0, 120.9, 112.3, 68.8,
31.2, 19.4, 13.8 ppm. Mass: HRMS (ESI*) m/z for C;;H;5NO, + Na*:
calcd, 216.1000; found 216.0997.

2-(Allyloxy)benzamide (6C): Yellow solid, "H NMR (400 MHz,
CDCl5, 25 °C): 6 =8.13 (d, J=7.5Hz, 1 H), 7.72 (br. s, 1 H), 7.36 (t,
J=80Hz 1H),699 (t J=75Hz 1H),689(d J=284Hz 1H),
6.38 (br.s, 1 H), 6.01 (m, 1 H), 5.32 (m, 2 H), 4.60 (d, J = 5.5 Hz, 2 H)
ppm. 3C NMR (400 MHz, CDCl;, 25 °C): 6 = 167.4, 157.0, 133.3,
132.5, 132.1, 121.4, 119.3, 112.7, 77.4, 77.1, 76.8, 69.9 ppm. Mass:
HRMS (ESI*) m/z for C;4H;;NO, + Na*: calcd, 200.0687; found
200.0683.

2-(Pentyloxy)benzamide (7C): White solid, "TH NMR (400 MHz,
CDCl5, 25 °C): 6 = 8.14 (dd, J = 8.0, 2.0 Hz, 1 H), 7.77 (br. s, 1 H),
7.37 (dt, J =8.0,20Hz, 1 H), 699 (t J=7.6Hz, 1 H), 6.89 (d, J =
8.2 Hz, 1 H), 6.10 (br. s, 1 H), 4.05 (t, J = 6.6 Hz, 2 H), 1.80 (m, 2 H),
137 (m, 4 H), 0.87 (t, J = 7.1 Hz, 3 H) ppm. '3C NMR (400 MHz,
CDCl5, 25 °C): 6 = 167.3,157.5, 133.3, 132.6, 121.1, 120.9, 112.4, 69.2,
28.9, 28.3, 22.4, 14.0 ppm. Mass: HRMS (ESI*) m/z for C;,H,;NO, +
Na*: calcd, 230.1157; found 230.1158.

2-Ethoxy-3-methylbenzamide (9C):3”! "H NMR (400 MHz, CDCl;,
25°C): 6 =782 (d, J=80Hz 1H),766 (br.s, 1H),725(d, J=
73 Hz, 1T H), 7.04 (t, J=7.6 Hz, 1 H), 597 (br. s, 1 H), 3.86 (q, J =
7.0 Hz, 2 H), 2.24 (s, 3 H), 1.35 (t, J = 7.0 Hz, 3 H) ppm. >*C NMR
(400 MHz, CDCl3, 25 °C): 6 = 168.1, 155.8, 134.8, 132.0, 129.4, 126.1,
124.3,70.3, 16.0, 15.6 ppm.

2-Ethoxy-4-methylbenzamide (10C): 'H NMR (400 MHz, CDClj,
25°C): 0 =802 (d, J =80Hz 1H), 777 (br.s, 1 H), 6.81 (d, J =
8.0 Hz, 1 H), 6.69 (s, 1 H), 5.95 (br. s, 1 H), 411 (q, J = 7.0 Hz, 2 H),
231 (s, 3 H), 143 (t, J = 7.0 Hz, 3 H) ppm. "3C NMR (400 MHz, CDCls,
25°C): 0 = 1674, 157.3, 144.2, 132.6, 122.2, 118.1, 113.3, 64.6, 22.0,
15.1 ppm.

5-Bromo-2-ethoxybenzamide (11C):3% "H NMR (400 MHz, CDCl5,
25°C): 0 =823 (d, J=20Hz 1H), 771 (br. s, 1 H), 7.45 (dd, J =
8.6, 2.5 Hz, 1 H), 6.77 (d, J = 8.8 Hz, 1 H), 6.16 (br. s, 1 H), 4.11 (q,
J=7.0Hz 2 H), 144 (t, J = 7.0 Hz, 3 H) ppm. ">3C NMR (400 MHz,
CDCl5, 25°C): 6 = 165.8, 156.2, 135.8, 135.1, 122.5, 114.2, 113.4, 65.2,
14.8 ppm.

4-Chloro-2-ethoxybenzamide (12C): "H NMR (400 MHz, CDCls,
25°C): 6 = 8.06 (d, J = 7.0 Hz, 1 H), 7.64 (br. s, 1 H), 6.96 (s, 1 H),
6.89 (s, 1 H), 6.08 (br.s, 1 H), 412 (q, J =7.0Hz, 2 H), 145 (t, J =
7.0 Hz, 3 H) ppm. "*C NMR (400 MHz, CDCl3, 25 °C): § = 166.2, 157.7,
139.2, 133.7, 121.4, 119.1, 112.9, 65.4, 14.6 ppm.

5-Chloro-2-ethoxybenzamide (13C): White Solid, '"H NMR
(400 MHz, CDCl3, 25 °C): 6 = 8.10 (d, J = 2.4 Hz, 1 H), 7.73 (br. 5, 1
H), 7.31 (dd, J = 8.8, 2.5 Hz, 1 H), 6.83 (d, J = 8.9 Hz, 1 H), 6.00 (br.
s, 1TH), 411 (q,J=70Hz 2 H), 144 (t, J = 7.0 Hz, 3 H) ppm. '3C
NMR (400 MHz, CDCl;, 25 °C): 0 = 165.8, 155.8, 133.0, 132.3, 126.6,
1224, 114.5, 65.4, 14.8 ppm.

2-Ethoxy-5-methoxybenzamide (14C): 'H NMR (400 MHz, CDCl;,
25°C): 0 =793 (br.s, 1 H), 784 (d, J = 9.0 Hz, 1 H), 7.68 (d, J =
32 Hz, 1 H), 766 (d, J=89Hz 1H)6.10 (br. s, 1 H), 408 (q, J =
7.0 Hz, 2 H), 3.75 (5, 3 H), 1.41 (t, J = 7.0 Hz, 3 H) ppm. ">*C NMR
(400 MHz, CDCl3, 25 °C): 6 = 167.0, 153.7, 151.4, 129.4, 121.2, 115.4,
114.0, 65.4, 55.9, 15.0 ppm.

2-Ethoxy-4,5-dimethoxybenzamide (15C): '"H NMR (400 MHz,
CDCl3, 25 °C): 0 = 7.79 (br. s, 1 H), 7.64 (s, 1 H), 6.44 (s, 1 H), 6.16
(br.s, 1 H), 410 (g, J = 7.0 Hz, 2 H), 3.84 (s, 3 H), 3.82 (s, 3 H), 1.42
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(t, J=7.0 Hz, 3 H) ppm. '3C NMR (400 MHz, CDCl3, 25 °C): 6 = 167.1,
152.7,143.2, 113.8, 112.5, 97.6, 65.7, 56.0, 15.0 ppm.

5-Chloro-2-ethoxy-N-phenylbenzamide (16): White solid, "H NMR
(400 MHz, CDCl3, 25 °C): 6 = 9.95 (s, 1 H), 8.19 (d, J = 2.9 Hz, 1 H),
7.58 (d, J = 8.1 Hz, 2 H), 7.33-7.27 (m, 3 H), 7.06 (t, J = 7.5 Hz, 1 H),
6.86 (d, J=8.7 Hz, 1 H), 4.18 (q, /= 7.0 Hz, 2 H), 1.56 (t, J = 7.0 Hz,
3 H) ppm. "3C NMR (400 MHz, CDCls, 25 °C): 6 = 161.8, 155.1, 138.2,
132.7,132.1,129.1, 126.9, 124.3, 123.0, 120.0, 113.9, 65.5, 14.8, ppm.
Mass: HRMS (ESI*) m/z for CysH;sNOLCl + Na*: calcd, 298.0611;
found 298.0612.

CCDC 1834560 (for 6B) contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre.
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