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a-Chymotrypsin has a promiscuous ability to catalymecyclocondensation of aldehydes with 2-aminahemndes to afford the
corresponding 2,3-dihydroquinazolin-#{tones.
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ARTICLE INFO ABSTRACT

Article history: We discovered that-chymotrypsin has a promiscuous ability to catalymecyclocondensatic
Received 19 February 2016 of aromatic and aliphatic aldehydes with 2-aminaaenides to afford the corresponding-2,3
Received in revised form 3 May 2016 dihydroquinazolin-4(H)-ones successfully in high yields (8998%) under alcohol solve
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1. Introduction

2,3-Dihydroquinazolin-4(#)-one derivatives acquired significance due tortbebad range of potential biological and pharmagiaial
activities, as well as their crucial role in theeparation of drug molecules and natural produc8&D2hydroquinazolinone derivatives act as
important intermediates that can be easily oxidizetheir quinazolin-4(8)-one analogues, which also include important lgiglally active
compounds. In recent years, the protocols for yin¢hesis of 2,3-dihydroquinazolin-4f}-ones have been developed in different ways using
iodine [1], succinimideN-sulfonic acid [2],p-TSA [3], 2-morpholinoethanesulfonic acid [4], Zkgb], NH,CI [6], KAI(SO,), [7], silica
sulfuric acid [8], sulfamic acid [9], nanocrystalli sulfated zirconia [10N\-propylsulfamic acid on magnetic nanoparticles [Ta¢tal-CNTs
[12], p-cyclodextrin-S@QH [13], PEG-400 [14] and ionic liquids [15] as dgtas. These synthetic methodologies are usefthdditate the
synthesis of the desired compounds in many instaridewever some of the synthetic strategies haviaioelimitations such as tedious
processes, long reaction time, low yields of prodexpensive moisture-sensitive catalysts, cumipeespreparation processes for the
required catalyst, and liberating hazardous HF nduriecycling. Therefore, there has been increasiifigrt on the design and use of
environmentally compatible catalysts for the pregan of 2,3-dihydroquinazolin-4H)-one derivatives owing to the growing demand far t
development of more sustainable and environmenrfaéndly processes.

Enzymes have received great attention as susteinefficient, green and biodegradable catalystsHersynthesis of pharmaceutical,
industrial and agricultural chemicals and interma¢e. Among the promiscuous enzymes, hydrolasesndegoubt play an important role
because of their high stability, availability, abtbad range of substrates. Recently, several erzyraee been used in multiple types of
organic reactions such as asymmetric aldol reas{ib8], asymmetric Michael additions [17] and asyemic Henry reactions [18]. However,
to the best of our knowledge, enzyme-catalyzed orypidensation reaction for the preparation of 2qh§etoquinazolin-4(H)-one
derivatives has never been reported. Herein, wd wasreport the first discovery thatchymotrypsin could catalyze the reaction of 2-
aminobenzamide with a series of aldehydes to atfeeccorresponding 2,3-dihydroquinazolinones iraeth (Scheme 1), and the yields up to

98% were achieved, which was obviously a novelremmentally benign synthetic method.
O

I} 1
C. NH, O a-Chymotrypsin C\H
N T e A
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H
Scheme 1. Thea-chymotrypsin-catalyzed cyclocondensation of 2-avhenzamide with aldehydes.

2. Experimental

2.1. General

Alkaline protease (200 U/mg enzyme activity) andpd®a (800 U/mg enzyme activity) were purchased fréimngsu Ruiyang
Biotechnology Co., Ltd. (Jiangsu, PR China). Trgpfiom bovin pancreas>(2500 U/mg enzyme activitylz-chymotrypsin (800 U/mg
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enzyme activity) and albumin from bovine serum wpoechased from Aladdin Chemistry Co., Ltd. (ShamnigPR China). Protease from
Aspergillus saitoi (> 0.6 U/mg enzyme activity), proteinase fraspergillus melleus (3.3 U/mg enzyme activity) and protease frBatillus
licheniformis (2.4 U/g enzyme activity) were purchased from Sighidrich Co., USA. All reagents were obtained froommercial suppliers
and used without further purification except thedr@inobenzamide was recrystallized. Melting poinese obtained on a WRS-1B Digital
Melting Point Apparatus. The NMR spectra were rdedron a Bruker 400 MHz instrument using DM8§as a solvent. Chemical shift§) (
were expressed in ppm using tetramethylsilane (T&3n internal standard, and coupling constditsdre reported in Hz.

2.2 General procedure for the synthesis of 2,3-dihydroquinazilin-4(1H)-ones

a-Chymotrypsin (2 mg/mL) was added to a solutio®-@minobenzamide (1 mmol) and aldehyde (1.8 mnmoétihanol (10 mL) and the
mixture was stirred at 60 °C in a constant tempegaihcubator shaker for a specified period of tisier the completion of the reaction,
water (20 mL) was added to the mixture to quenehréaction, the enzymes and the excess aldehydesdigsolved in an aqueous ethanol
solution, and the desired products precipitated D products were collected by filtration withdutther purification.

3. Results and discussion

Based on our previous research, initial effortsen@mndertaken using 2-aminobenzamide and 4-methzdlidehyde as a model reaction,
and ethanol was chosen as the reaction mediuntder ¢o select the most efficient catalyst for ¢iyelocondensation, eight proteases were
screened using the model system. As shown in Thhilee best yield of 62% was achieved usinghymotrypsin (Table 1, entry 8) while
trypsin from bovin pancreas showed low activitythiis reaction and only provided 13% yield (Tablestitry 2). However, the other tested
enzymes demonstrated no catalytic ability. Non-emyprotein BSA (Bovine serum albumin) (Table 1,rer®) and denatured:-
chymotrypsin (Table 1, entry 10) were also usedamtrols to demonstrate the specific catalyticaff# thea-chymotrypsin, and both barely
showed catalytic activity, producing the similasulis as the blank control reaction (Table 1, ebiry All the results clearly indicated that the
catalytic ability of thex-chymotrypsin is responsible for the model reaction

Table1

The catalytic activities of different enzymes.

Entry Enzymes Yield%)°
1 Alkaline protease 5
2 Trypsin 13
3 Papain 9

4 Proteinase fromspergillus melleus 7

5 Papain from papayalatex 6
6 Protease fromspergillus saitoi 6

7 Protease frorBacillus licheniformis 7

8 a-Chymotrypsin 62
9 BSA 6
10 Denatured--chymotrypsifi 6
11 No enzyme 5

@ Reaction conditions: 2-aminobenzamide 1 mmol, 4aylbenzaldehyde 1 mmol, enzyme 2.0 mg/mL and ethdd mL, stirred at 40 °C for 60 min.
® Isolated yield.
¢ Pretreated with urea solution (8 mol/L).

To improve the catalytic ability of the enzyme, waaried out some experiments focusing on the efféceaction temperature, which
plays a significant role in maintaining the staliland catalytic activity of enzymes. The rangetehperature from 30 °C to 70 °C was
screened for the-chymotrypsin-catalyzed cyclocondensation reactimd the results were shown in Table 2, entries Thé best yield of
89% was achieved at 60 °C (Table 2, entry 3) agHdnitemperature (70 °C) gave lower yield probalhlg to the partial denaturation of the
enzyme at higher temperatures. So, we chose 68 D aptimal temperature for the reaction. Ne, dffect of enzyme loading on the
chymotrypsin-catalyzed model reaction was investigan order to further optimize the reaction ctiodis. As shown in Table 2, entries 5-9,
the model reaction only gave the product in a leeldyof 5% in the absence of enzyme. However, amoais increase in the yield (77%) was
detected when 0.5 mg/mL efchymotrypsin was added. After that, only a slighing trend was observed with the larger catafistage
from 0.5 mg/mL to 2.5 mg/mL, thus, 2.0 mg/mL waesén as the best enzyme loading.

Table 2

The effect of temperature and enzyme loading omitheel reactior.

Entry  Temperature (°C) Enzyme loading Yield (%)
(mg/mL)

1 30 2.0 15

2 50 2.0 76

3 60 2.0 89

4 70 2.0 85

5 60 0 5

6 60 0.5 77

7 60 1.0 83

8 60 15 85

9 60 2.5 88

a

Page 3 of 5



® Isolated yield.

Some further experiments were performed to invatgighe effects of the molar ratio of substratesh@w-chymotrypsin catalyzed
model reaction. As shown in Table 3, increasingrtiodar ratio of 2-aminobenzamide to 4-methylbenehjale from 1.0 : 1.2to 1.0 : 1.8 led
to an growing yield (from 89% to 98%) of the dedipFoduct and further increasing the molar ratiorfrl.0 : 1.8 to 1.0 : 2.0 hardly improved
the results. Thus, we chose the molar ratio of fxabenzamide to 4-methylbenzaldehyde of 1.0 : £.8h& optimal proportion of the
substrate for the reaction.

Table 3

The effect of molar ratio on the model reaction.
Entry Molarrati® Yield (%Y
1 1:1.2 89

2 1:1.4 92

3 1:1.6 95

4 1:1.8 98

5 1:2.0 98

2 Reaction conditionsi-chymotrypsin 2.0 mg / mL and ethanol 10 mL, stre¢ 60°C for 30 min.
b 2-Aminobenzamide / 4-methylbenzaldehyde (mmol /atym
¢Isolated yield.

Finally, we further investigated the substrate gcapd the limitation of the-chymotrypsin-catalyzed cyclocondensation reacbgn
employing a wide range of aldehydes under the dpéich conditions. The results are summarized in ahl It can be seen that the
corresponding dihydroquinazolin-4{}-ones were obtained with good to excellent yiétdall cases. Furthermore, various types of aramnati
aldehydes with electron-donating groups reacteq vezll with 2-aminobenzamide under the optimizedct®n conditions, as well as
aromatic aldehydes containing electron-withdrawsudpstituents, such as the methyl- and bromo-sutetitbenzaldehydes afforded the
corresponding products andf in 98% and 96% vyields, respectively. Generallg, tbaction could proceed smoothly and was notenfited
by substituents in the aromatic ring. To our délighiphatic aldehydes such as caprylaldehyde wengpatible with the reaction conditions to
give the desired producb)(in high yield of 95%. And hexaldehyde also affedicthe corresponding product) (in excellent yield although
another 30 minutes of reaction time is required.

Table4
Investigation of the reactant scope of the cycla@msation reaction for synthesis of 2,3-dihydrogaoiin-4(1H)-one derivatives.

o} o

1l 1l

CNH o C NH
L™+ K, L

NH, H R
Enty R Time Compd Yield MP (C)

(min) (%) ~ Found Lit. (ref.)

1 GsHs 30 a 91 225-226 224-226 [4]
2 4-CH;-CgH,4 30 b 98 227-228 225-227 [12]
3 3-CH-CeH4 30 c 96 204-205
4 4-Cl-GH,4 30 d 96 202-203 205-207 [19]
5 2- CI-GH,4 30 e 98 208-209 207-209 [19]
6 3-Br-GH4 30 f 96 190-191 227-228 [19]
7 2-Br-GsH,4 50 g 98 171-182 172-173 [12]
8 4-OCH;-CgH4 30 h 92 188-189 181-183 [12]
9 3-OH-GH, 30 i 95 206-207 215-217 [20]
10 2-OH-GH,4 30 i 96 223-225 220-221 [4]
11 4-OH-30Me-GH,; 30 k 97 224-225 227-228 [4]
12 (CH)-CgH4 30 I 91 173-175 155-157 [20]
13 GHy 60 m 90 154-155 160-162 [20]
14 GHis 30 n 98 158-159

# Reaction conditions: 2-aminobenzamide 1 mmol,fatde 1.8 mmolg-chymotrypsin 2.0 mg / mL, ethanol 10 mL, stirrecb@ °C.

® Isolated yield.

4. Conclusion

In summary, we have succeeded in obtaining dihydnagolin-4(H)-ones usingi-chymotrypsin as a new biocatalyst. A wide range of
aromatic aldehydes and aliphatic aldehydes couldidssl to give the products in excellent yields.dldbtt The unnatural ability of-
chymotrypsin to catalyze a cyclocondensation reactd prepare 2,3-dihydroquinazolin-#&{tone derivatives was discovered for the first
time. Compared with current chemical approaches,ehzymatic method is more environmental-frierityl sustainable using a biocatalyst
from bio-degradable and inexpensive sources. Maeahe catalyst-chymotrypsin accommodated broad substrates anduped the

desired products in high yields in a short peribtdroe.
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