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Synthesis of Quinazolinone Derivatives Catalyzed by
Alkaline Protease
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Abstract Alkaline protease-catalyzed synthesis of quinazolinone derivatives was developed between f-keotester and
o-aminobenzamide. Because ethanol is one kind of eco-friendly solvents, this method can reduce the impact of solvents on the
environment. Alkaline protease as a biocatalyst has many advantages, e.g. high catalytic activity, environmentally friendly,
wide variety of sources and simple operation. In addition, a variety of quinazolinone derivatives was obtained with good to

excellent yields just using 2000 U alkaline protease as catalyst.
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1 Introduction

Quinazolinone derivatives are abundant in a broad
number of pharmaceutical compounds, and are widely ap-
plied as sedative, hypotensive, antidepressant, anti-inflam-
matory as well as anti-allergy activities owing to its prom-
ising bioactivities.!' *! Therefore, tremendous efforts have
been devoted to develop the methodology to construct
quinazolinone derivatives during past decades. Conven-
tional protocols were intensively focused on the condensa-
tion of o-aminobenzamide with carbonyl compounds using
Lewis acids as catalyst, in which transition-metal and long
reaction time were required to obtain the satisfactory yields
or under harsh conditions." ') With the gradual develop-
ment of organic synthesis, reductive cyclization of the al-
dehyde with anthranilic acid nitrile has also been devel-
oped.!” """ Especially, quinazolinone derivatives were also
readily accessed by acetic acid-catalyzed coupling of ben-
zylamine/aromatic alcohol with o-aminobenzamide.!'® ")

* Corresponding authors. E-mail: zbxie@ecit.cn; zhgle@ecit.cn

In addition, synthesis of quinazolinone derivatives from
ammonium acetate, homophthalic anhydride and aromatic
aldehyde without catalyst has been developed.”” Although
significant achievements have been made, there are still
several drawbacks in the reported methodologies, includ-
ing harsh reaction conditions, long reaction time, strongly
acidic conditions, high loading of expensive catalysts (ad-
ditives), and difficulty in experiment handling. Therefore,
effective, eco-friendly and sustainable biocatalytic meth-
ods are still in high demand.

Compared with chemical catalysts, biocatalysts have at-
tracted many attentions owing to low toxicity, high effi-
ciency, and good selectivity, such as chemical, regional,
and optical selectivities, which is resulting in numerous
applications in the agrochemical products, drugs, and re-
fined chemicals.”' ! As a biocatalyst, enzymes are ubiq-
uitous in animals, plants and microorganisms, and can be
directly isolated and purified from organisms. The defini-
tion of the “unit of enzyme activity” (symbol U) is the
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amount of enzyme which catalyzes the transformation of
one micromole of substrate per minute under standard as-
say conditions.** As efficient biocatalysts, enzymes help
to carry out multi-functional non-natural reactions,* be-
cause of their catalytic promiscuity, which strongly facili-
tate their application in the realm of organic synthesis,
such as aldol reactions,'***” Michael reactions,”® *!! Man-
nich reactions”>**! and Henry reactions.”***! As a kind of
protease, alkaline protease exhibits higher catalytic activi-
ties and selectivities in synthesis of heterocyclic com-
pounds.’***! In order to extend the application of enzyme
in more challenging organic synthesis, we envisioned that
alkaline protease catalysis may provide a practical ap-
proach to directly accessing various functional quinazoli-
none derivatives.

Here, alkaline protease was selected as the biocatalyst,
and a series of quinazolinone derivatives can readily be
obtained from the substituted o-aminobenzamide and
B-ketoester under the mild reaction conditions. In contrast
to previous reports, our protocol provides a metal-free ap-
proach to various functional-group quinazolinone deriva-
tives in excellent yields in ethanol (Scheme 1).
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EtOH, 50 °C
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Scheme 1 Alkaline protease-catalyzed synthesis of quinazoli-
none derivatives

2 Results and discussion

To confirm our hypothesis, the catalytic activities of
various enzymes were explored using o-aminobenzamide
1a and ethyl acetoacetate 2a as a model reaction (Table 1).
No product was observed in the absence of enzyme (Table
1, Entry 19). After a detailed optimization of various reac-
tion conditions, 91% yield of the corresponding quinazoli-
none derivatives 3a was obtained in the presence of alka-
line protease and ethanol as solvent at 50 “C for 3 d (Ta-
ble 1, Entry 1). At the same time, yields 46% and 23% of
the corresponding quinazolinone derivative 3a were ob-
tained using pancreatin and trypsin as catalysts, respec-
tively (Table 1, Entries 2~3). When other enzymes were
applied under standard conditions, the product was not
observed (Table 1, Entries 4~18). No product was de-
tected when the reaction was incubated with denatured
alkaline proteinase, which suggested that the specific
structure of enzyme was necessary to carry out this biocat-
alytic reaction (Table 1, Entry 20).

Solvent is an important factor affecting the reaction ef-
fect, and the effect of solvent was studied under the cata-
lytic of alkaline protease. As can be seen from Table 2,

Chin. J. Org. Chem. 2019, 39, 2632~2638

Table 1 Catalytic activities of different enzymes”

Entry Enzyme Yield”/%
1 Alkaline protease (200 U/mg) 91
2 Pancreatin (4 U/mg) 46
3 Trypsin (2500 U/mg) 23
4 Pancreatic lipase (30-90 U/mg) None
5 Albumin from Bovine serum None
6 Lipase (30~90 U/mg) None
7  a-Chymotrypsin (800 U/mg) None
8  Pepsin from Porcine gastric mucosa (601 U/mg) None
9  Protease from Aspergillus melleus (3.3 U/mg) None
10  Papain from Papayalatex (800 U/mg) None
1 Amano lipase A from Aspergillus niger (300 None

U/mg)
12 Amano lipase ps from Burkholderia Cepacia None
(30 U/mg)
13 Protease from Aspergillus saitoi (15~35 U/mg) None
14 Glucanase (2 U/mg) None
15 Amano lipase from Pseudomonas fluorescens None
(20 U/mg)
16 a-Amylase (10 U/mg) None
17 Lipase from Porcine pancreas (100 U/mg) None
18 Amano acylase (30 U/mg) None
19 No enzyme None
20 Denatured alkaline protease® None

“Reaction conditions: o-aminobenzamide (0.2 mmol), ethyl acetoacetate (0.2
mmol), enzyme (20 mg), ethanol (2 mL), 50 °C, 3 d. ® Yield of isolated com-
pound. ¢ Pretreated with 8 molsL ' urea at 100 °C for 8 h.

the highest yield was obtained in ethanol compared to oth-
er solvents. The yield of this reaction in protic solvents is
better than that in aprotic solvents, the reason may be that
it is more conducive to electron conduction and energy
transmission in protic solvents, which is favorable for the
reaction.

Table 2 Effect of solvent on reaction®

Entry Solvent Yield®/%
1 H,0 61
2 Ethanol 91
3 Toluene 0
4 THF 11
5 Acetonitrile 27

© 2019 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: o-aminobenzamide (0.2 mmol), ethyl acetoacetate (0.2
mmol), alkaline protease (4000 U), solvent (2 mL), 50 ‘C, 3 d. * Yield of
isolated compound.

Due to the key influencing factors in most biocatalytic
reactions, the effect of temperature was studied under the
catalytic of alkaline proteinase. As can be seen from Figure
1, 91% yield was obtained at 50 ‘C in 3 d. Though a
higher yield was obtained at 60 C, 50 ‘C was chosen as
the optimal temperature in terms of the energy consump-
tion and the inactivation of enzyme at high temperature for
a long time.

Then, the effect of the amount of catalyst on the reaction
was investigated. The results are shown in Figure 2. As the
amount of enzyme increased, the yield gradually increased,

http://sioc-journal.cn/ 2633
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Figure 1 Influence of temperature on the model reaction
Reaction conditions: o-aminobenzamide (0.2 mmol), ethyl acetoacetate

(0.2 mmol), alkaline protease (4000 U), ethanol (2 mL), 3 d. Yield of
isolated compound
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Figure 2  Effect of enzyme loading on the yield of reaction
Reaction conditions: o-aminobenzamide (0.2 mmol), ethyl acetoacetate
(0.2 mmol), alkaline protease (1000~5000 U), ethanol (2 mL), 50 °C, 3
d. Yield of isolated compound

and when the amount of the enzyme was increased to 4000
U, the yield was 91%. With the further increase in the
amount of nzyme, the yield did not increase significantly.
Therefore, considering the efficiency of the reaction and
the principle of green chemistry, the final choice of 4000 U
is the optimal catalyst dosage.

As shown in Figure 3, as the reaction time increases, the
yield gradually increases. When the reaction time was 3 d,
the reaction yield was 91%. However, the reaction time
was further increased, the yield is not significantly im-
proved, which may be related to the reaction equilibrium
and the decrease of enzyme activity. Therefore, 3 d is cho-
sen as the optimal reaction time.

To further explore the activity of alkaline proteinase in
this novel biocatalytic protocol, a serious of o-aminoben-
zamide and f-ketoester derivatives were investigated (Ta-
ble 3). A mixture of o-aminobenzamide 1 (0.2 mmol),
p-keto ester 2 (0.2 mmol) and alkaline protease (4000 U) in

2634 http://sioc-journal.cn/
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Figure 3 Effect of different reaction time on reaction yield
Reaction conditions: o-aminobenzamide (0.2 mmol), ethyl acetoacetate
(0.2 mmol), alkaline protease (4000 U), ethanol (2 mL), 50 C. Yield of
isolated compound

2 mL of ethanol was incubated at 50 ‘C and 200 r/min for
3 d. After completion of the reaction (TLC), the mixture
was concentrated under reduced pressure to afford the
crude product and purified by column chromatography on
silica gel (PE/EtOAc, V. V=1 . 2) to give the pure
product 3. All substrates with various groups had good
compatibility and a good to excellent yields were obtained.
In addition, steric effect hardly influences the biocatalysis
efficiency (Table 3, Entries 1~3, 4~6 and 7~9). Re-
markably, the electronic effection was also not obvious.
When substrates with strong electron-withdrawing groups
(Table 3, Entries 4~6) were applied, reactions underwent
smoothly and delivered the corresponding quinazolinone
derivatives in excellent yields. When the f-keto ester is
acetylacetone, this reaction was observed via C—C bond
cleavage to produce 2-methyl-quinazolin-4-one (Table 3,
Entry 10).

Alkaline protease, a serine-type endoprotease, is a poly-
peptide chain consisting of 470 amino acids, among which
His-68, Asp-30 and Ser-255 constitute a catalytic triad.">”’
Combining this information and our part work, we propose
a reasonable mechanism, as illustrated in Scheme 2. Ini-
tially, the proton of the amine group from o-aminoben-
zamide can be extracted by His-68 and the carbonyl group
of the p-ketoester is effectively activated by Ser-255.
Meanwhile, the amine group of o-aminobenzamide attacks
the carbonyl group of the S-ketoester that undergoes nu-
cleophilic addition to form the intermediate imino ester A.
Then, intermediate A forms the target product by dehydra-
tion which is the hydroxyl group of A to capture the proton
of His-68, along with regeneration of alkaline protease to
complete the catalytic cycle.*"!

3 Conclusions

In summary, alkaline protease exhibited high activity in
the synthesis of quinazolinone derivatives using o-amino-
benzamides and diverse f-keto esters. This protocol is
thefirst example for synthesis of various long chain

Chin. J. Org. Chem. 2019, 39, 2632~2638
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Table 3  Alkaline protease catalyzed synthesis of quinazolinone derivatives”

Entry Substrate 1 Substrate 2 Product 3 Yield®/%
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“Reaction conditions: o-aminobenzamides (0.2 mmol), A-ketoester (0.2 mmol), alkaline protease (4000 U), ethanol (2 mL), 50 ‘C, 3 d. ° Yield of isolated compound.

Chin. J. Org. Chem. 2019, 39, 2632~2638 © 2019 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 2635



BHE MR
Ser-255 Ser-255
; iCOOH [ COOCH
.0 0 Q
NH H Asp-30 H
R 'l oy
L A__NH, - 0
N
0 N/\\N )
- His-68 N
. —R
Asp-30 H,N P
T His-68 o
Ser-255 l
Asp-30
o)
COOH
0 o
W "
N \
1 -H20 ( *
R' WNH 2 His 68%‘@0 /1 P
\H H RHN
0 Ser-255 HEN
i N A
A SO%O:"HiN 7 coo" o TR
Sp- o A
\
His-68 H

Scheme 2 Probable mechanism for synthesis of quinazolinone derivatives catalyzed by alkaline protease

quinazo linone derivatives with good functional group tol-
erance through an effective, eco-friendly and mild way.
Further exploitation of high-activity enzymes toward
non-natural reactions for the direct syntheses of structural-
ly heterocyclic compounds is ongoing in our laboratories.

4 Experimental section

4.1 Instruments and reagents

'H NMR and “C NMR spectra were recorded on a
Bruker Avance III HD 600 spectrometer (Swiss Bruker,
Switzerland). Mass spectrometry was measured using a
LTQ-XL linear ion trap mass spectrometer (Thermo-Fi-
sher, USA).

4.2 General procedure for alkaline protease cata-
lyzed synthesis of quinazolinone derivatives

A mixture of o-aminobenzamides 1 (0.2 mmol), S-keto
ester 2 (0.2 mmol) and alkaline protease (4000 U, from
Bacillus licheniformis) in 2 mL of ethanol was incubated at
50 C and 200 r/min for 3 d. After completion of the reac-
tion (TLC), the mixture was concentrated under reduced
pressure to afford the crude product and purified by col-
umn chromatography on silica gel (PE/EtOAc, V. V=
1 7 2) to give the pure product 3.

Ethyl 2-(2-methyl-4-oxo0-1,2,3,4-tetrahydroquinazolin-2-
yl)acetate (3a): 91% (0.0451 g) yield. White solid, m.p.
108.2~109.1 ‘C; '"H NMR (600 MHz, CDCl) J: 7.84 (dd,
J=1.8, 1.5 Hz, 1H), 7.70 (s, 1H), 7.28 (ddd, J=38.1, 7.3,
1.6 Hz, 1H), 6.82~6.78 (m, 1H), 6.66~6.64 (m, 1H), 5.32
(s, 1H), 4.16~4.08 (m, 2H), 2.85 (dd, J=163.4, 15.8
Hz, 2H), 1.63 (s, 3H), 1.23 (t, J=7.2 Hz, 3H); °C NMR
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(126 MHz, CDCl;) ¢: 170.66, 164.02, 145.71, 134.20,
128.27,119.14, 115.04, 114.59, 68.09, 61.03, 44.58, 27.16,
14.11. ESI-HRMS caled for C;3H;7N,O; [M + H] ©
249.1234, found 249.1235.

Methyl 2-(2-ethyl-4-ox0-1,2,3,4-tetrahydroquinazolin-2-
yl)acetate (3b): 85% (0.0421 g) yield. White solid, m.p.
92.7~93.9 “C; 'H NMR (600 MHz, CDCl;) 6: 7.84 (d,
J=7.7 Hz, 1H), 7.37 (s, 1H), 7.28 (t, J/=7.7 Hz, 1H), 6.79
(t, J=7.5 Hz, 1H), 6.66 (d, J=8.1 Hz, 1H), 5.12 (s, 1H),
3.65 (s, 3H), 2.85 (dd, J/=156.0, 15.6 Hz, 2H), 1.89 (ddq,
J=65.7, 14.6, 7.4 Hz, 2H), 1.03 (t, J=7.4 Hz, 3H); “C
NMR (126 MHz, CDCl;) ¢: 170.11, 163.60, 145.09,
133.16, 127.07, 117.62, 113.83, 113.06, 69.87, 50.86,
4240, 3128, 6.85. ESI-HRMS calcd for C13H17N203 [M+
H]" 249.1234, found 249.1232.

Ethyl 2-(4-oxo0-2-propyl-1,2,3,4-tetrahydroquinazolin-2-
ylacetate (3c): 74% (0.0408 g) yield, white liquid. 'H
NMR (600 MHz, CDCl;) o: 7.85 (d, J=7.7 Hz, 1H), 7.29
(t, J=17.7 Hz, 1H), 7.14 (s, 1H), 6.80 (t, J=7.5 Hz, 1H),
6.65 (d, J=8.1 Hz, 1H), 5.14 (s, 1H), 4.17~4.09 (m, 2H),
2.84 (dd, J=171.3, 15.7 Hz, 2H), 1.92~1.75 (m, 2H),
1.58~1.46 (m, 2H), 1.25 (s, 3H), 0.94 (t, /=7.3 Hz, 3H);
5C NMR (126 MHz, CDCl) 6: 169.69, 163.36, 145.04,
133.16, 127.11, 117.65, 113.80, 113.13, 69.60, 59.93,
42.85, 40.71, 15.84, 13.07, 13.03. ESI-HRMS calcd for
CisH,N,0; [M+H]" 277.1547, found 277.1551.

Ethyl 2-(6-chloro-2-methyl-4-oxo0-1,2,3,4-tetrahydroqui-
nazolin-2-yl)acetate (3d): 95% (0.0536 g) yield. Yellow
solid, m.p. 161.7~162.8 ‘C; '"H NMR (600 MHz, CDCl;)
0: 7.82 (d, J=2.3 Hz, 1H), 7.24 (dd, J=28.6, 2.4 Hz, 1H),
6.85 (d, J=11.3 Hz, 1H), 6.62 (d, /=8.6 Hz, 1H), 5.07 (s,

Chin. J. Org. Chem. 2019, 39, 2632~2638
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1H), 3.68 (s, 3H), 2.83 (dd, J=153.9, 15.8 Hz, 2H),
1.97~1.80 (m, 2H), 1.03 (t, J=7.4 Hz, 3H); "C NMR
(126 MHz, CDCl;) o: 170.94, 163.16, 144.43, 134.12,
127.71, 123.90, 116.36, 115.26, 71.01, 52.03, 43.25, 32.32,
7.85. ESI-HRMS caled for Cj3H;sN,0;CINa [M+Na]"
305.0663, found 305.0670.

Methyl 2-(6-chloro-2-ethyl-4-oxo-1,2,3,4-tetrahydroqui-
nazolin-2-yl)acetate (3e): 87% (0.0491 g) yield. Yellow
solid, m.p. 164.7~164.9 ‘C; '"H NMR (600 MHz, CDCl;)
o: 7.81 (d, J/=2.3 Hz, 1H), 7.25 (dd, J=38.6, 2.4 Hz, 1H),
6.85 (d, J/=11.3 Hz, 1H), 6.62 (d, J/=8.6 Hz, 1H), 5.07 (s,
1H), 3.68 (s, 3H), 2.83 (dd, J=153.9, 15.8 Hz, 2H),
1.97~1.80 (m, 2H), 1.03 (t, J=7.4 Hz, 3H); “C NMR
(126 MHz, CDCl;) o: 170.94, 163.16, 144.43, 134.12,
127.71, 123.90, 116.36, 115.26, 71.01, 52.03, 43.25, 32.32,
7.85. ESI-HRMS caled for Cj3H;sN,0;CINa [M+Na]"
305.0663, found 305.06609.

Ethyl 2-(6-chloro-4-oxo-2-propyl-1,2,3,4-tetrahydroqui-
nazolin-2-yl)acetate (3f): 77% (0.0477 g) yield. Yellow
liquid. "H NMR (600 MHz, CDCLy) ¢: 7.81 (d, J=2.4 Hz,
1H), 7.41 (s, 1H), 7.23 (dd, J=38.6, 2.5 Hz, 1H), 6.61 (d,
J=38.6 Hz, 1H), 5.24 (s, 1H), 4.20~4.09 (m, 2H), 2.82
(dd, J=156.8, 15.7 Hz, 2H), 1.91~1.74 (m, 2H), 1.56~
1.44 (m, 2H), 1.26 (t, 3H), 0.94 (t, J=7.3 Hz, 3H); °C
NMR (126 MHz, CDCl;) o: 170.64, 163.36, 144.57,
134.06, 127.61, 123.63, 116.28, 115.20, 70.76, 61.08,
43.84, 41.73, 16.85, 14.09, 14.02. ESI-HRMS calcd for
C]5H20N203C1 [I\/I—FH]Jr 3111157, found 311.1160.

Ethyl 2-(2,7-dimethyl-4-ox0-1,2,3,4-tetrahydroquinazo-
lin-2-yl)acetate (3g): 89% (0.0466 g) yield. Brown liquid.
'H NMR (600 MHz, CDCLy) §: 7.73 (d, J=7.9 Hz, 1H),
7.37 (s, 1H), 6.63 (d, J=7.9 Hz, 1H), 6.46 (s, 1H), 5.20 (s,
1H), 4.15~4.09 (m, 2H), 2.83 (dd, J=175.7, 15.8 Hz,
2H), 2.27 (s, 3H), 1.61 (s, 3H), 1.24 (t, J=7.1 Hz, 3H); "*C
NMR (126 MHz, CDCl;) o: 170.87, 164.49, 14591,
145.05, 128.12, 120.31, 115.27, 112.18, 68.07, 60.93,
44.46, 27.01, 21.78, 14.10. ESI-HRMS calcd for
C4H sN,O3Na [M+Na]" 285.1210, found 285.1213.

Methyl  2-(2-ethyl-7-methyl-4-o0xo0-1,2,3,4-tetrahydro-
quinazolin-2-yl)acetate (3h): 81% (0.0424 g) yield. Brown
solid, m.p. 154.5~156.4 ‘C; '"H NMR (600 MHz, CDCl;)
0: 772 (d, J=7.9 Hz, 1H), 7.01 (s, 1H), 6.61 (d, J=S8.1
Hz, 1H), 6.49~6.44 (m, 1H), 5.01 (s, 1H), 3.65 (s, 3H),
2.83 (dd, J=171.0, 15.7 Hz, 2H), 2.27 (s, 3H), 1.96~1.78
(m, 2H), 1.02 (t, J=7.4 Hz, 3H); “C NMR (126 MHz,
CDCly) 0: 171.18, 164.62, 146.09, 145.13, 128.11, 120.11,
115.12, 111.72, 70.88, 51.89, 43.30, 32.24, 21.79, 7.86.
ESI-HRMS calcd for Ci,H;sN,O;Na [M+Na]" 285.1210,
found 285.1211.

Methyl 2-(7-methyl-4-oxo-2-propyl-1,2,3,4-tetrahydro-
quinazolin-2-yl)acetate (3i): 72% (0.0416 g) yield. Brown
liquid. "H NMR (600 MHz, CDCLy) 6: 7.73 (d, J=7.9 Hz,
1H), 7.13 (s, 1H), 6.62 (d, J=7.9 Hz, 1H), 6.47 (s, 1H),
5.10 (s, 1H), 4.16~4.09 (m, 2H), 2.82 (dd, J/=180.7, 15.6
Hz, 2H), 2.28 (s, 3H), 1.92~1.73 (m, 2H), 1.59~1.44 (m,
2H), 1.25 (t, J=7.1 Hz, 3H), 0.93 (t, J=7.3 Hz, 3H); "°C
NMR (126 MHz, CDCl;) o: 170.81, 164.53, 146.12,

Chin. J. Org. Chem. 2019, 39, 2632~2638
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145.05, 128.09, 120.00, 115.06, 111.76, 70.62, 60.90,
43.82,41.68,21.78, 16.85, 14.09, 14.05. ESI-HRMS calcd
for C,H,3N,05 [M+H]" 291.1703, found 291.1705.

2-Methyl-2,3-dihydroquinazolin-4(1H)-one (3j): 89%
(0.0285 g) yield. White solid, m.p. 236~238 CM*!; 'H
NMR (600 MHz, CDCL) 6: 827 (d, J=7.9 Hz, 1H),
7.93~7.88 (m, 1H), 7.80~7.74 (m, 1H), 7.68 (d, J=38.1
Hz, 1H), 7.46 (t, J=7.5 Hz, 1H), 7.30 (t, J=7.7 Hz, 1H),
7.12 (s, 1H), 6.83 (t, J=7.5 Hz, 1H), 6.63 (d, J=8.1 Hz,
1H), 4.22 (s, 1H), 1.58 (s, 6H); “C NMR (126 MHz,
CDCly) J: 164.78, 164.10, 153.67, 149.33, 145.94, 134.72,
133.98, 128.31, 126.89, 126.26, 126.21, 120.42, 118.76,
114.69, 114.59, 67.62, 29.64, 22.00.

Supporting Information 'H NMR, "C NMR spectra
and mass spectra for novel compounds. The Supporting
Information is available free of charge via the internet at
http://sioc-journal.cn/.
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