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A facile and green method for the synthesis of 4-amino-1,2-dihydrobenzo[4,5]imidazo[1,2-alpyrimidine-6-carbonitrile
derivatives has been developed by one-pot condensation of 2-aminobenzimidazole, aldehydes, and malononitrile
catalysed by ammonium acetate in ethanol. The inexpensive and readily available catalyst and easy workup is

environmentally friendly.
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Multi-component reactions (MCRs) are significant and useful
organic reactions, which refer to a chemical reaction where
three or more compounds react to form a single product.'”
Recently, MCRs have become powerful tools in modern syn-
thetic chemistry due to their efficiency and convenience in the
construction of multiple new bonds in one-pot processes.®™
Efforts are being made to find and develop new MCRs.

Imidazo[1,2-a]pyrimidines and their analogues have a wide
range of applications, such as benzodiazepine receptor
agonists,” antiviral,'® antitumor,'' and antimicrobial agents.'>!®
Moreover, pyrimido[1,2-a]benzimidazoles represent a pharma-
ceutically important class of compounds because of their
diverse range of biological activities.'*'® Therefore, prepara-
tion of these heterocyclic compounds has gained great
importance in organic synthesis.

In recent years, several methods have been reported for the
synthesis of benzo[4,5]imidazo[1,2-a]pyrimidine derivatives
via multi-component condensations of 2-aminobenzimidazole,
aldehydes, and malononitrile.'*'® To improve the yields of this
three-component condensation reaction, a number of catalysts
and techniques, such as microwaves, MgO,* C,H;N,*
Et;N,>2* Me,NH,* and N,H,,** have been used. However,
these methods are limited by drawbacks, such as long reaction
times, poor yields, harsh reaction conditions or the use of toxic
catalysts. Consequently, better conditions are required.

NH,OAc is cheap, nontoxic, and stable and it is used widely
in organic synthesis. Earlier work in our laboratory established
that NH,OAc can efficiently catalyse the multi-component
condensation reaction of 4-hydroxyquinolin-2(1H)-one,
aldehydes, and malononitrile.”” Therefore, we investigated
whether NH,OAc could catalyse the condensation of 2-amino-
benzimidazole, aldehydes, and malononitrile. Preliminary
experiments revealed that the condensation of 2-aminobenz-
imidazole, aldehyde, and malononitrile can react smoothly
to give benzo[4,5]imidazo[1,2-a]pyrimidine products in the
presence of NH,OAc in good yields. Hence, we now report a
green, efficient, and rapid procedure for the one-pot synthesis
of 4-amino-1,2-dihydro-benzo[4,5]imidazol[1,2-a]pyrimidine-
6-carbonitrile derivatives by using NH,OAc as the catalyst in
excellent yields (Scheme 1).

Scheme 1
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Firstly, the mixture of 2-aminobenzimidazole 1, benzalde-
hyde 2a, and malononitrile 3 was chosen as the model reaction
to detect whether the use of NH,OAc was efficient and the
results are summarised in Table 1.

As shown in Table 1, only 35% yield of the corresponding
product 4a was obtained when the mixture of 2-aminobenz-
imidazole 1, benzaldehyde 2a, and malononitrile 3 was stirred
under reflux temperature for 120 min in the absence of NH,OAc
(Table 1, entry 1). However, the yield was improved greatly
(83%) when the reaction was carried out under similar
conditions in the presence of 5 mol% NH,OAc. This study
demonstrated that NH,OAc could catalyse the condensation of
2-aminobenzimidazole 1, benzaldehyde 2a, and malononitrile
3 for the synthesis of 4-amino-2-phenyl-1,2-dihydrobenzo[4,5]
imidazo[1,2-a]pyrimidine-3-carbonitrile 4a efficiently. Then,
the amount of NH,OAc was changed from 0 to 30 mol%,
showing that yields of 4a were improved as the amount of
NH,OAc increased from 0 to 10 mol%, and the yields were
maintained as the amount of NH,OAc increased from 10 to
30 mol%. Therefore, 10 mol% of NH,OAc was considered to
be the most suitable for efficient reaction.

Having established the optimised reaction conditions, we
then successfully synthesised a variety of 4-amino-1,2-dihydro-
benzo[4,5]imidazo[ 1,2-a]pyrimidine-3-carbonitrile derivatives
4 (Table 2). A series of aromatic aldehydes were selected
to undergo the reaction in the presence of 10 mol% NH,OAc
in EtOH at the reflux temperature. As shown in Table 2,
benzaldehydes carrying either electron-donating or electron-
withdrawing substituents could react efficiently with excellent

Table 1 Optimisation of the condensation of 2-aminobenz-
imidazole 1, benzaldehyde 2a, and malononitrile 32

+ PrcHO + < _' -
1 2a 3
Entry NH,OAc/mol%) Time/min Yield of 4a/%"
1 none 120 35
2 3 60 60
3 5 40 83
4 10 30 91
5 20 30 91
6 30 30 88

2Conditions: 2-aminobenzimidazole 1 (5 mmol), benzaldehyde
2a (5.5 mmol), malononitrile 3 (5.5 mmol), EtOH (10 mL), reflux
temperature.

blsolated yield.



Table 2 Synthesis of 4-amino-1,2-dihydrobenzo[4,5]imidazo
[1,2-a]lpyrimidine-3-carbonitrile derivatives 42

o CN NH,OAc |
+ R-CHO + o T .-:_\\\

;| 2 3 4
Entry R’ Time/min Product4  Yield/%®
1 C¢Hs 2a 30 4a 91
2 4-MeCgH, 2b 30 4b 88
3 4-MeOC¢H, 2¢ 60 4c 86
4 4-CIC¢H, 2d 20 4d 93
5 3-CICsH, 2e 20 4e 94
6 2-CIC¢H, 2f 20 af 94
7 4-HOC4H, 29 60 4g 80
8 4-NCC¢H, 2h 20 4h 92
9 4-Pyridyl 2i 20 4i 88

2Conditions: 2-aminobenzimidazole 1 (5 mmol), aldehyde 2
(5.5 mmol), malononitrile 3 (5.5 mmol), EtOH (10 mL), reflux
temperature.

blsolated yield.

yields (80-94%) (Table 2, entries 1-8). Therefore, the effect of
the substituents on the benzene ring showed no obvious effect
on this conversion. As shown in Table 2, this experimental pro-
cedure has the ability to tolerate a variety of functional groups,
such as methyl, methoxyl, hydroxyl, cyano, and halides.
Furthermore, 4-pyridinecarboxaldehyde could react smoothly
to give the corresponding products 4i in good yields (88%)
(Table 2, entry 9). Note that all of the condensations were
complete within 60 min and the products 4 could be obtained
simply by filtration from the reaction medium.

In conclusion, a NH,OAc-catalysed synthesis of 4-amino-
1,2-dihydrobenzo([4,5]imidazo[1,2-a]pyrimidine-3-carbo-
nitrile derivatives 4 from 2-aminobenzimidazole 1, aldehydes 2,
and malononitrile 3 has been described. The catalyst NH,OAc
is not only readily available and cheap, but also much safer
and more practical in comparison to the reported catalysts.
Undoubtedly, all the advantages of the reactions make this
procedure a useful addition to the present methodologies for
heterocyclic synthesis.

Experimental

Melting points were measured by a WRS-1B micromelting point
apparatus and are uncorrected. NMR spectra were recorded on a
Bruker AMX 300 instrument or Bruker AMX 400 instrument using
solvent peaks as DMSO-d; solutions. HRESIMS were determined on
a Micromass Q-Tof Global mass spectrometer and ESIMS were run
on a Bruker Esquire 3000 Plus Spectrometer. TLC was performed on
GF254 silica gel plates (Yantai Huiyou Inc., China).

Synthesis of 4a—i; general procedure
A mixture of aldehyde 2 (5.5 mmol), malononitrile 3 (5.5 mmol), and
NH,OAc (10 mol%) in EtOH (10 mL) was stirred for 5 min. Then
2-aminobenzimidazole 1 (5 mmol) was added and mixture was heated
to reflux for an appropriate time (Table 2). After completion of the
reaction (TLC), the solid was collected by filtration, purified via
recrystallisation from ethanol to give 4-amino-1,2-dihydrobenzo[4,5]
imidazo[ 1,2-a]pyrimidine-3-carbonitrile derivatives 4.
4-Amino-2-(4-hydroxyphenyl)-1,2-dihydrobenzo[4,5 Jimidazo[ 1,2-a]
pyrimidine-3-carbonitrile (4g): Yield: 93%; white solid; m.p. 215 °C
(Dec.). 'H NMR (300 MHz, DMSO-d): 6 = 5.07 (s, 1H), 6.70 (d,
J=28.0 Hz, 2H), 6.75 (s, 2H), 6.97 (t, J = 7.6 Hz, 1H), 7.02-7.12 (m,
3H), 7.19 (d, J=7.6 Hz, 1H), 7.61 (d, J = 7.6 Hz, 1H), 8.45 (brs, 1H),
9.44 (brs, 1H). *C NMR (75 MHz, DMSO-d,): § = 52.93, 62.54,
112.34, 115.25, 115.95, 119.19, 119.70, 123.20, 127.27, 129.29,
133.13, 143.63, 148.91, 151.73, 157.06. MS (ESI): m/z = 304 (IM +
HJ*). HRMS (ESI) calcd for C,;H,,N;O [M + HJ* 304.1193; found
304.1187.
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4-Amino-2-(4-cyanophenyl)-1,2-dihydrobenzo[4,5 Jimidazo[ 1,2-a]
pyrimidine-3-carbonitrile (4h): Yield: 92%; yellow solid; m.p. 215 °C
(Dec.). 'HNMR (300 MHz, DMSO-dj): 6 =5.36 (s, 1H), 6.94 (s, 2H),
6.99 (t, J =8.0 Hz, 1H), 7.11 (t, J = 7.5 Hz, 1H), 7.23 (d, J = 7.7 Hz,
1H), 7.45 (d, J = 8.2 Hz, 2H), 7.61 (d, J = 7.7 Hz, 1H), 7.83 (d, J =
8.2 Hz, 2H), 8.71 (brs, 1H). '3C NMR (75 MHz, DMSO-d,): § = 52.70,
60.73, 110.57, 112.50, 116.18, 118.58, 118.93, 120.02, 123.44,
126.87, 129.20, 132.80, 143.48, 148.23, 149.37, 151.47. MS (ESI):
m/z = 313 (M + HJ*). HRMS (ESI) caled for C,sHsN, [M + HJ*
313.1196; found 313.1189.

4-Amino-2-(pyridin-4-yl)-1,2-dihydrobenzo[4,5 Jimidazo[1,2-a]
pyrimidine-3-carbonitrile (4i): Yield: 88%; yellow solid; m.p. 215 °C
(Dec.). '"HNMR (300 MHz, DMSO-dy): 6 =5.28 (s, 1H), 6.95 (s, 2H),
6.99 (t, J =7.6 Hz, 1H), 7.11 (t, J = 7.4 Hz, 1H), 7.21-7.27 (m, 3H),
7.61 (d, J = 7.8 Hz, 1H), 8.49-8.55 (m, 2H), 8.72 (s, 1H). *C NMR
(75 MHz, DMSO-dy): & = 52.04, 60.35, 112.52, 116.22, 118.96,
120.05, 120.79, 123.46, 129.20, 143.48, 149.48, 150.09, 151.31,
151.39. MS (ESI): m/z = 289 (IM + H]*). HRMS (ESI) calcd for
C¢H3Ng [M + HJ* 289.1196, found 289.1192.
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