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Synthesis of Highly Substituted 4H-Pyrido[1,2-

a]pyrimidines via a One-Pot Three-Component 

Condensation Reaction 

Kai Yang, Jinbao Xiang*, Guochen Bao, Qun Dang*, and Xu Bai 

The Center for Combinatorial Chemistry and Drug Discovery, The School of Pharmaceutical 
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ABSTRACT: A one-pot three-component reaction, involving condensation of 2-aminopyridines, 

aldehydes and ketones/aldehydes under trifluoromethanesulfonic acid catalysis, provides rapid 

access to highly substituted novel 4H-pyrido[1,2-a]pyrimidines. 

INTRODUCTION 

Pyridopyrimidines are an important class of nitrogen-containing heterocycles since many of 

them exhibit a plethora of interesting biological activities.1–10 For example, pyrido[1,2-

a]pyrimidine constitutes the core structure of some marketed drugs, including the antiasthmatic 

agent pemirolast,11 the tranquilizer pirenperone,12 and the antiallergic agent barmastine.13 Other 
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 2

pyrido[1,2-a]pyrimidine derivatives are known for their antidepressant,14 gastrointestinal 

protective,15 neurotropic and stress-protecting,16 and anticancer properties.17 

Over the past decades, a number of approaches to the synthesis of 4H-pyrido[1,2-

a]pyrimidines have been described, and these methodologies focused on the traditional two-

component condensation of 2-aminopyridines with a variety of bifunctional electrophiles.10,18–26 

Multicomponent reactions (MCRs) have emerged as powerful methods for creating molecular 

complexity and diversity, and are recognized as important tools for a successful drug discovery 

program to access drug-like molecules in a rapid and efficient manner.27–31 However, 

multicomponent reactions for the synthesis of 4H-pyrido[1,2-a]pyrimidines are scarce in 

general.32,33 To the best of our knowledge, there is no report on the synthesis of 4-alkyl/aryl 

substituted 4H-pyrido[1,2-a]pyrimidines via MCRs. 

The Biginelli reaction is a commonly used three-component reaction involving one-pot 

condensations of urea, aldehydes, and β-ketoesters.34 Recently, we reported a versatile three-

component reaction of 4-aminopyrimidines, aldehydes and β-ketoesters leading to 4H-

pyrimido[1,6-a]pyrimidines (Scheme 1).35 As part of our ongoing efforts to develop 

methodologies to prepare libraries of novel heterocycles,36–41 we set out to discover and develop 

novel reactions to extend the scope of the well-known Biginelli reaction through the use of 

readily available ketones/aldehydes in place of β-ketoesters (active methylene compound) in 2-

aminopyridine systems as shown in Scheme 2. Herein, the details of these studies are presented. 

Scheme 1. Three-component reaction of 4-aminopyrimidines, aldehydes and β-ketoesters 
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Scheme 2. Three-component reaction of 2-aminopyridines 1, aldehydes 2 and ketones/aldehydes 

3 

 

RESULTS AND DISCUSSION 

Initially, 2-aminopyridine 1{1}, 4-chlorobenzaldehyde 2{1}, and cyclohexanone 3{1} were 

selected to investigate the reaction conditions suitable to generate product 4{1,1,1} (Scheme 3). 

First, the previously reported conditions for the pyrimidine system was studied, only 41% yield 

of the desired product 4{1,1,1} was obtained by heating 0.5 equiv CF3SO3H, 1.0 equiv 1{1}, 3.0 

equiv 2{1} and 3.0 equiv 3{1} for 46 hours at 110 oC; another product was also isolated and 

identified as compound 5{1,1,1} (13%).42 The above results prompted us to screen for an 

optimized condensation condition, and the results are summarized in Table 1. Treatment of 

compound 1{1} (1.0 equiv) with compounds 2{1} (1.1 equiv) and 3{1} (1.1 equiv) in the 

presence of CF3SO3H (0.5 equiv) in refluxing acetonitrile for 130 hours gave the desired product 

4{1,1,1} in 45% yield and side product 5{1,1,1} in 17% yield (entry 2, table 1). Variation of 

solvents (entries 3–5, table 1) did not lead to significant improvement in the yield of compound 

4{1,1,1}, but using toluene as the solvent did shorten the reaction time possibly due to the higher 

reaction temperature (entry 5, table 1). Next, other acids, including pTsOH, TFA, AcOH, and 

PPA, were screened but neither did produce higher yield of compound 4{1,1,1} nor reduce the 

amount of side product 5{1,1,1} (entries 6–9, table 1). Reaction concentration was also 

investigated: conducting the reaction at a dilute concentration of compound 1{1} (0.5 M, entry 

10, table 1) or under a solvent-free condition (entry 11, table 1) did not increase the yield of 
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compound 4{1,1,1}. Formation of the side product 5{1,1,1} indicates that two molecules of 

aldehyde 2{1} participated in the reaction, therefore optimization of the stoichiometry of 

reactants could minimize the formation of compound 5{1,1,1} leading to the higher yield of 

product 4{1,1,1}. As expected, increasing ketone 3{1} produced more desired product 4{1,1,1} 

and less side product 5{1,1,1} (entries 13–15, table 1), while reducing the amount of ketone 3{1} 

led to even more side product 5{1,1,1} (entry 12, table 1). An acceptable condition was 

discovered as heating a mixture of 0.5 equiv CF3SO3H, 1.0 equiv 1{1}, 1.1 equiv 2{1}, and 3.0 

equiv 3{1} in toluene for 21 hours at reflux (entry 14, table 1), which gave product 4{1,1,1} in 

69% yield and only 8% of side product 5{1,1,1}. Therefore the reaction condition of entry 14 

was applied to further studies. 

Scheme 3. Three-component reaction of 2-aminopyridine 1{1}, 4-chlorobenzaldehyde 2{1} and 

cyclohexanone 3{1} 

 

Table 1. Optimization of the three-component reactiona  

entry 
2{1} 

(eq) 

3{1} 

(eq) 

acid 

(0.5 eq) 
solvent 

temp. 

(oC) 

[1{1}] 

(M) 

time 

(h) 

4{1,1,1}/5{1,1,1} 

(yield, %)b 
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1 3.0 3.0 CF3SO3H none 110 -- 46 41/13 

2 1.1 1.1 CF3SO3H CH3CN reflux 2.0 130 45/17 

3 1.1 1.1 CF3SO3H EtOH reflux 2.0 120 39/16 

4 1.1 1.1 CF3SO3H DMF 110 2.0 20 50/15 

5 1.1 1.1 CF3SO3H toluene reflux 2.0 18 51/19 

6 1.1 1.1 pTsOH toluene reflux 2.0 19 30/25 

7 1.1 1.1 TFA toluene reflux 2.0 22 49/19 

8 1.1 1.1 AcOH toluene reflux 2.0 48 23/14 

9 1.1 1.1 PPA toluene reflux 2.0 32 27/20 

10 1.1 1.1 CF3SO3H toluene reflux 0.5 35 42/25 

11 1.1 1.1 CF3SO3H none 110 -- 12 43/12 

12 1.1 0.5 CF3SO3H toluene reflux 2.0 48 10/50c 

13 1.1 2.0 CF3SO3H toluene reflux 2.0 18 56/14 

14 1.1 3.0 CF3SO3H toluene reflux 2.0 18 69/8 

15 1.1 5.0 CF3SO3H toluene reflux 2.0 18 58/6 

a
 All reactions were conducted with 1.0 mmol of 1{1}. b Isolated yield. c Yield based on 

cyclohexanone 3{1}. 

 

To explore the scope of this one-pot three-component reaction, various 2-aminopyridines 

1{1−4}, aldehydes 2{1−15} and ketones/aldehydes 3{1−9} were employed under the above 

optimized reaction conditions (Scheme 2, Figure 1). The results are summarized in Table 2 and 

Table 3. 
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Figure 1. Diversity elements employed during library synthesis. 2-Aminopyridines 1{1−4}, 

aldehydes 2{1−15}, and ketones/aldehydes 3{1−9} 

Table 2. Three-component reaction of 2-aminopyridines 1{1−4}, aldehydes 2{1−14} and 

cyclohexanone 3{1}a  

 

entry 1{1−4} 2{1−14} time (h) product yield (%)b 
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 7

1 {1} {2} 17 4{1,2,1} 67 

2 {1} {1} 18 4{1,1,1} 69 

3 {1} {3} 48 4{1,3,1} 53 

4 {1} {4} 14 4{1,4,1} 75 

5 {1} {5} 16 4{1,5,1} 65 

6 {1} {6} 28 4{1,6,1} 55 

7 {1} {7} 18 4{1,7,1} 68 

8 {1} {8} 36 4{1,8,1} 53 

9 {1} {9} 17 4{1,9,1} 38 

10 {1} {10} 40 4{1,10,1} 50 

11 {1} {11} 16 4{1,11,1} 48 

12 {1} {12} 18 4{1,12,1} 46 

13 {1} {13} 24 4{1,13,1} 85 

14 {1} {14} 24 4{1,14,1} 87 

15 {2} {1} 14 4{2,1,1} 62 

16 {3} {1} 20 4{3,1,1} 68 

17 {4} {1} 32 4{4,1,1} 65 

a Reagents and conditions: CF3SO3H (0.5 equiv), 1{1−4} (1.0 equiv), 2{1−14} (1.1 equiv), 
and 3{1} (3.0 equiv) in toluene, reflux. b Isolated yield. 

 

The scope of aldehydes (R2CHO) was investigated using cyclohexanone and results are 

disclosed in Table 2. Various benzaldehydes are suitable substrates leading to the desired 

products in good to high yields (entries 1–7, Table 2). Both electron-withdrawing and electron-

donating groups are tolerated although 2-methylbenzaldehyde (entry 6, Table 2) gave slightly 

lower yield compared to benzaldehyde (entry 1, Table 2), indicating possible steric hindrance 

effects. Other aryl and heteroaryl aldehydes (entries 8–10, Table 2) are also tolerated but gave 
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 8

the desired products in lower yields compared to benzaldehyde (entry 1, Table 2). Aliphatic 

aldehydes were also studied and the desired products were obtained in good to high yields. It is 

interesting to note that simple straight chain aliphatic aldehydes gave moderate yields (entries 11 

and 12, Table 2), while cyclic aliphatic aldehydes produced excellent yields (entries 13 and 14, 

Table 2). To test the electronic effects for the substituents of the 2-aminopyridines, both electron-

donating and electron-withdrawing groups were tested (entries 15–17, Table 2). Tuning the 

electron density of the 2-amino group had little effect on product yields, but it appears that the 

reaction proceeded faster when there is an electron-donating group on 2-aminopyridines (entry 

15 vs. entries 16 and 17, Table 2). Having completed the investigation of the scope of aldehydes 

2{1−14}, various carbonyl compounds 3{2−9} were studied and results are summarized in 

Table 3. 

Table 3. Scope of the three-component reaction of 2-aminopyridine 1{1}, aldehydes 2{1} or 

2{14−15} and ketones/aldehydes 3{2−9}a  

 

entry 2{1}/2{14−15} 3{2−9} time (h) product yield (%)b 

1 {1} {2} 24 4{1,1,2} 47 

2 {1} {3} 24 4{1,1,3} 0 

3 {1} {4} 84 4{1,1,4} 41 

4 {1} {5} 168 4{1,1,5} 26 

5 {1} {6} 24 4{1,1,6} 62c 

6 {1} {7} 24 4{1,1,7} 43c 
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 9

7 {14} {6} 24 4{1,14,6} 65c 

8 {15} {6} 16 4{1,15,6} 62d 

9 {1} {8} 24 4{1,1,8} 0 

10 {1} {9} 24 4{1,1,9} 73 

a Reagents and conditions (except designated): CF3SO3H (0.5 equiv), 1{1} (1.0 
equiv), 2{1} (1.1 equiv), and 3{2−5} or 3{8−9} (3.0 equiv) in toluene, reflux. b 
Isolated yield. c CF3SO3H (0.5 equiv), 1{1} (1.0 equiv), 2{1} or 2{14} (2.0 equiv), 
and 3{6−7} (1.1 equiv) in toluene, reflux. d CF3SO3H (0.5 equiv), 1a (1.0 equiv), and 
phenylacetaldehyde (4.1 equiv) in toluene, reflux. 

 

As evident from Table 3, acyclic ketones (R3COCH2R
4) are also compatible for the current 

reactions to yield the expected products (entries 1, 3 and 4, Table 3) with the exception of 

acetophenone. The reaction of acetophenone led to complex reaction mixtures which might be 

due to the instability of product 4{1,1,3} under the current reaction conditions. It is noteworthy 

that the reaction also can be extended to aliphatic aldehydes, although moderate yields were 

obtained for reactions involving phenylacetaldehyde and pentanal (entries 5–7, Table 3).43 The 

self-condensation reactions of phenylacetaldehyde on treatment with 2-aminopyridine 1{1} was 

also investigated, which produced the desired product 4{1,15,6} in 62% yield (entry 8, Table 3). 

The case of cyclopentanone was surprising and failed to give the desired product 4{1,1,8} (entry 

9, Table 3). On the other hand, the reaction of cycloheptanone proceeded smoothly to form the 

desired product 4{1,1,9} in good yield (entry 10, Table 3). To unambiguously identify the 

structures of compound 4, compound 4{1,1,6} X-ray crystallographic analysis was performed 

(Figure 2).44 
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 10

 

Figure 2. ORTEP diagram of compound 4{1,1,6} 

Mechanistically, several reaction pathways could be envisioned to generate products 4 in the 

current MCR. After carefully examination of our experimental results and considering existing 

literature reports,21,24,43,45–47 we propose two potential mechanistic pathways as shown in Scheme 

4 to account for the current multicomponent reactions. The first step of the current MCR is the 

formation of intermediate 6 through CF3SO3H promoted Knoevenagel condensation of aldehyde 

2 and ketone/aldehyde 3. Intermediate 6 was indeed detected and identified in the reaction 

mixture by mass spectroscopy and TLC analysis during the reaction. Subsequently, 2-

aminopyridine 1 can react with intermediate 6 via two reaction pathways. For pathway a, 

condensation of 2-aminopyridine 1 with intermediate 6 under acid-catalyzed conditions to give 

imine 7,21,24 and then imine 7 underwent an intramolecular cyclization reaction to generate 

product 4. On the other hand, it is plausible that the current MCR could follow reaction pathway 

b: Michael addition by the nucleophilic pyridine ring N atom of intermediate 6 to afford ketone 

intermediate 8,45 then an intramolecular cyclization of the imine group of intermediate 8 onto the 

keto moiety to give 9, and finally an acid-catalyzed elimination of water to afford product 4. 

Scheme 4. Proposed reaction mechanism 
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 11

 

CONCLUSIONS 

In summary, we have demonstrated that 2-aminopyridines, aldehydes and ketones/aldehydes 

undergo a productive three-component reaction to provide 4H-pyrido[1,2-a]pyrimidines in 

moderate to high yields. This new MCR proved to have a broad scope since many aliphatic 

aldehydes, aromatic aldehydes, heterocyclic aldehydes, cyclic ketones and acyclic ketones are 

suitable substrates for the current MCR. Moreover, the current MCR is operationally simple 

therefore this new methodology should allow the rapid assembly of heterocyclic scaffolds with 

highly substituted 4H-pyrido[1,2-a]pyrimidines. This synthetic methodology complements the 

well-known Biginelli reaction and existing pyridine chemistry by allowing access to libraries of 

the pyridine-fused heterocycles. 

ASSOCIATED CONTENT 

Supporting Information. Experimental procedures, full characterization data, copies of LC-

MS-ELSD and NMR spectra for all products, and crystallographic data of 4{1,1,6} (CIF). This 

material is available free of charge via the Internet at http://pubs.acs.org. 

Page 11 of 20

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 12

AUTHOR INFORMATION 

Corresponding Author 

*Tel: +86-431-85188955; Fax: +86-431-85188900; E-mail: jbxiang@jlu.edu.cn, 

qdang@jlu.edu.cn   

Funding Sources 

This work was supported by National Natural Science Foundation of China (No. 20902036 and 

81072526), the Basic Scientific Research Fund of Jilin University, and Changchun Discovery 

Sciences, Ltd. 

Notes 

The authors declare no competing financial interest. 

ACKNOWLEDGMENT 

The authors thank Mr. Xuyang Luo for NMR measurements.  

REFERENCES 

(1) Ellingboe, J. W.; Antane, M.; Nguyen, T. T.; Collini, M. D.; Antane, S.; Bender, R.; 

Hartupee, D.; White, V.; McCallum, J.; Park, C. H.; Russo, A.; Osler, M. B.; Wojdan, A.; 

Dinish, J.; Ho, D. M.; Bagli, J. F. Pyrido[2,3-d]pyrimidine angiotensin II antagonists. J. Med. 

Chem. 1994, 37, 542–550. 

(2) Gangjee, A.; Vasudevan, A.; Queener, S. F.; Kisliuk, R. L. 2,4-Diamino-5-deaza-6-

substituted pyrido[2,3-d]pyrimidine antifolates as potent and selective nonclassical inhibitors 

of dihydrofolate reductases1,2. J. Med. Chem. 1996, 39, 1438–1446. 

Page 12 of 20

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 13

(3) Hamby, J. M.; Connolly, C. J. C.; Schroeder, M. C.; Winters, R. T.; Showalter, H. D. H.; 

Panek, R. L.; Major, T. C.; Olsewski, B.; Ryan, M. J.; Dahring, T.; Lu, G. H.; Keiser, J.; 

Amar, A.; Shen, C.; Kraker, A. J.; Slintak, V.; Nelson, J. M.; Fry, D. W.; Bradford, L.; 

Hallak, H.; Doherty, A. M. Structure-activity relationships for a novel series of pyrido[2,3-

d]pyrimidine tyrosine kinase inhibitors. J. Med. Chem. 1997, 40, 2296–2303. 

(4) Molina, P.; Aller, E.; Lorenzo, Á.; López-Cremades, P.; Rioja, I.; Ubeda, A.; Terencio, M. C.; 

Alcaraz, M. J. Solid-phase synthesis and inhibitory effects of some pyrido[1,2-c]pyrimidine 

derivatives on leukocyte functions and experimental inflammation. J. Med. Chem. 2001, 44, 

1011–1014. 

(5) Perner, R. J.; Lee, C.-H.; Jiang, M.; Gu, Y.-G.; DiDomenico, S.; Bayburt, E. K.; Alexander, 

K. M.; Kohlhaas, K. L.; Jarvis, M. F.; Kowaluk, E. L.; Bhagwat, S. S. Synthesis and 

biological evaluation of 6,7-disubstituted 4-aminopyrido[2,3-d]pyrimidines as adenosine 

kinase inhibitors. Bioorg. Med. Chem. Lett. 2005, 15, 2803–2807. 

(6) Donghi, M.; Kinzel, O. D.; Summa, V. 3-Hydroxy-4-oxo-4H-pyrido[1,2-a]pyrimidine-2-

carboxylates—A new class of HIV-1 integrase inhibitors. Bioorg. Med. Chem. Lett. 2009, 19, 

1930–1934. 

(7) Debenham, J. S.; Madsen-Duggan, C. B.; Wang, J.; Tong, X.; Lao, J.; Fong, T. M.; Schaeffer, 

M.-T.; Xiao, J. C.; Huang, C. C. R.-R.; Shen, C.-P.; Stribling, D. S.; Shearman, L. P.; Strack, 

A. M.; MacIntyre, D. E.; Hale, J. J.; Walsh, T. F. Pyridopyrimidine based cannabinoid-1 

receptor inverse agonists: Synthesis and biological evaluation. Bioorg. Med. Chem. Lett. 

2009, 19, 2591–2594. 

Page 13 of 20

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 14

(8) Malagu, K.; Duggan, H.; Menear, K.; Hummersone, M.; Gomez, S.; Bailey, C.; Edwards, P.; 

Drzewiecki, J.; Leroux, F.; Quesada, M. J.; Hermann, G.; Maine, S.; Molyneaux, C.-A.; Le 

Gall, A.; Pullen, J.; Hickson, I.; Smith, L.; Maguire, S.; Martin, N.; Smith, G.; Pass, M. The 

discovery and optimisation of pyrido[2,3-d]pyrimidine-2,4-diamines as potent and selective 

inhibitors of mTOR kinase. Bioorg. Med. Chem. Lett. 2009, 19, 5950–5953. 

(9) Antczak, C.; Veach, D. R.; Ramirez, C. N.; Minchenko, M. A.; Shum, D.; Calder, P. A.; 

Frattini, M. G.; Clarkson, B.; Djaballah, H. Structure–activity relationships of 6-(2,6-

dichlorophenyl)-8-methyl-2-(phenylamino)pyrido[2,3-d]pyrimidin-7-ones: Toward selective 

Abl inhibitors. Bioorg. Med. Chem. Lett. 2009, 19, 6872–6876.  

(10) Peng, L.; Gao, X.; Duan, L.; Ren, X.; Wu, D.; Ding, K. Identification of pyrido[1,2-

α]pyrimidine-4-ones as new molecules improving the transcriptional functions of estrogen-

related receptor α. J. Med. Chem. 2011, 54, 7729–7733. 

(11) Yanagihara, Y.; Kasai, H.; Kawashima, T.; Shida, T. Immunopharmacological studies on 

TBX, a new antiallergic drug (1) inhibitory effects on passive cutaneous anaphylaxis in rats 

and guinea pigs. Jpn. J. Pharmacol. 1988, 48, 91–101.  

(12) Smith, R. L.; Barrett, R. J.; Sanders-Bush, E. Neurochemical and behavioral evidence 

that quipazine-ketanserin discrimination is mediated by serotonin2A receptor. J. Pharmacol. 

Exp. Ther. 1995, 275, 1050–1057. 

(13) Awouters, F.; Vermeire, J.; Smeyers, F.; Vermote, P.; Van Beek, R.; Niemegeers, C. J. E. 

Oral antiallergic activity in ascaris hypersensitive dogs: A study of known antihistamines and 

Page 14 of 20

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 15

of the new compounds ramastine (R 57 959) and levocabastine (R 50 547). Drug. Dev. Res. 

1986, 8, 95–102.  

(14) Kennis, L. E. J.; Bischoff, F. P.; Mertens, C. J.; Love, C. J.; Van den Keybus, F. A. F.; 

Pieters, S.; Braeken, M.; Megens, A. A. H. P.; Leysen, J. E. New 2-substituted 1,2,3,4-

tetrahydrobenzofuro[3,2-c]pyridine having highly active and potent central α2-antagonistic 

activity as potential antidepressants. Bioorg. Med. Chem. Lett. 2000, 10, 71–74. 

(15) Knoll, J.; Gyires, K.; Hermecz, I. 1,6-Dimethyl-4-oxo-1,6,7,8,9,9a-hexahydro-4H-

pyrido(1,2-a)- pyrimidine-3-carboxamide (Ch-127) protects against the intestinal damage in 

rats caused by two weeks' daily administration of indomethacin. Drugs. Exp. Clin. Res. 1987, 

13, 253–258. 

(16) Kozlovskaya, M. M.; Inozemtsev, A. N.; Nikitin, S. V.; Gochmuradov, A. G.; Yakushev, 

R. A.; Chabak-Gorbach, R. Comparison of the neurotropic and stress-protecting properties of 

piracetam and pyrido[1,2-a]pyrimidine derivative. Bull. Exp. Biol. Med. 1995, 119, 291–293. 

(17) Rapolu, S.; Alla, M.; Ganji, R. J.; Saddabapu, V.; Kishor, C.; Bommena, V. R.; 

Addlagatta, A. Synthesis, cytotoxicity and hDHFR inhibition studies of 2H-pyrido[1,2-

a]pyrimidin-2-ones. Med. Chem. Commun. 2013, 4, 817–821. 

(18) Bibas, H.; Moloney, D. W. J.; Neumann, R.; Shtaiwi, M.; Bernhardt, P. V.; Wentrup, C. 

Chemistry of stable iminopropadienones, RN=C=C=C=O. J. Org. Chem. 2002, 67, 2619–

2631. 

(19) Wu, Y.-J.; He, H.; Hu, S.; Huang, Y.; Scola, P. M.; Grant-Young, K.; Bertekap, R. L.; 

Wu, D.; Gao, Q.; Li, Y.; Klakouski, C.; Westphal, R. S.  Identification of a potent and 

Page 15 of 20

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 16

selective 5-HT6 antagonist: One-step synthesis of (E)-3-(benzenesulfonyl)-2-

(methylsulfanyl)pyrido[1,2-a]pyrimidin-4-ylidenamine from 2-(benzenesulfonyl)-3,3-

bis(methylsulfanyl)acrylonitrile. J. Med. Chem. 2003, 46, 4834–4837. 

(20) Nakayama, K.; Kawato, H.; Watanabe, J.; Ohtsuka, M.; Yoshida, K.-I.; Yokomizo, Y.; 

Sakamoto, A.; Kuru, N.; Ohta, T.; Hoshino, K.; Yoshida, K.; Ishida, H.; Cho, A.; Palme, M. 

H.; Zhang, J. Z.; Lee, V. J.; Watkins, W. J. MexAB-OprM specific efflux pump inhibitors in 

Pseudomonas aeruginosa. Part 3: Optimization of potency in the pyridopyrimidine series 

through the application of a pharmacophore model. Bioorg. Med. Chem. Lett. 2004, 14, 475–

479. 

(21) Pryadeina, M. V.; Burgart, Y. V.; Kodess, M. I.; Saloutin, V. I. Synthesis of substituted 

pyrido[1,2-a]pyrimidines from 2-arylmethylidene-3-fluoroalkyl-3-oxopropionates. Russ. 

Chem. Bull. Int. Ed. 2005, 54, 2841–2845. 

(22) Čebašek, P.; Bevk, D.; Pirc, S.; Stanovnik, B.; Svete, J. Parallel synthesis of 3-amino-4H-

quinolizin-4-ones, fused 3-amino-4H-pyrimidin-4-ones, and fused 3-amino-2H-pyran-2-ones. 

J. Comb. Chem. 2006, 8, 95–102. 

(23) Shiba, S. A.; Ei-Ziaty, A. K.; El-Aasar, N. K.; Al-Saman, H. A. Uses of piperonal in the 

synthesis of novel prop-2-enoyl amides, esters, heterocyclic systems and study of their 

antibacterial activities. J. Chem. Res. 2008, 9, 500–506. 

(24) Sharma, R. L.; Kour, D.; Singh, J.; Kumar, S.; Gupta, P.; Gupta, S.; Kour, B.; Sachar, A. 

Synthesis of some indole based spiro and condensed heterocycles as potential biologically 

active agents. J. Heterocyclic. Chem. 2008, 45, 1775–1781. 

Page 16 of 20

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 17

(25) Modranka, J.; Janecki, T. Efficient synthesis of phosphorylated ortho-fused 

azaheterocycles. Tetrahedron 2011, 67, 9595–9601. 

(26) Yang, Y.; Shu, W.-M.; Yu, S.-B.; Ni, F.; Gao, M.; Wu, A.-X. Auto-tandem catalysis: 

synthesis of 4H-pyrido[1,2-a]pyrimidin-4-ones via copper-catalyzed aza-Michael addition–

aerobic dehydrogenation–intramolecular amidation. Chem. Commun. 2013, 49, 1729–1731. 

(27) Armstrong, R. W.; Combs, A. P.; Tempest, P. A.; Brown, S. D.; Keating, T. A. Multiple-

component condensation strategies for combinatorial library synthesis. Acc. Chem. Res. 1996, 

29, 123–131. 

(28) Dömling, A. Recent developments in isocyanide based multicomponent reactions in 

applied chemistry. Chem. Rev. 2006, 106, 17–89. 

(29) Touré, B. B.; Hall, D. G. Natural product synthesis using multicomponent reaction 

strategies. Chem. Rev. 2009, 109, 4439–4486. 

(30) Ruijter, E.; Scheffelaar, R.; Orru, R. V. A. Multicomponent reaction design in the quest 

for molecular complexity and diversity. Angew. Chem. Int. Ed. 2011, 50, 6234–6246. 

(31) Dömling, A.; Wang, W.; Wang, K. Chemistry and biology of multicomponent reactions. 

Chem. Rev. 2012, 112, 3083–3135. 

(32) Adib, M.; Sayahi, M. H.; Nosrati, M.; Zhu, L.-G. A novel, one-pot, three-component 

synthesis of 4H-pyrido[1,2-a]pyrimidines. Tetrahedron Lett. 2007, 48, 4195–4198. 

(33) Namitharan, K.; Pitchumani, K. Copper(I)-catalyzed [3+2] cycloaddition/ring-opening 

rearrangement/[4+2] cycloaddition/aromatization cascade: An unprecedented chemo- and 

Page 17 of 20

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 18

stereoselective three component coupling of sulfonyl azide, alkyne and N-arylidenepyridin-2-

amine to pyrido[1,2-a]pyrimidin-4-imine. Adv. Synth. Catal. 2013, 355, 93–98. 

(34) Kappe, C. O. 100 years of the Biginelli dihydropyrimidine synthesis. Tetrahedron 1993, 

49, 6937–6963. 

(35) Xiang, J.; Li, H.; Yang, K.; Yi, L.; Xu, Y.; Dang, Q.; Bai, X. Synthesis of novel 4H-

pyrimido[1,6-a]pyrimidines via a one-pot three-component condensation. Mol. Divers. 2012, 

16, 173–181. 

(36) Zheng, L.; Xiang, J.; Dang, Q.; Guo, S.; Bai, X. Novel heterocyclic scaffold consisting of 

indole-fused pteridines. J. Comb. Chem. 2005, 7, 813–815. 

(37) Xiang, J.; Zheng, L.; Chen, F.; Dang, Q.; Bai, X. A cascade reaction consisting of Pictet-

Spengler-type cyclization and Smiles rearrangement: Application to the synthesis of novel 

pyrrole-fused dihydropteridines. Org. Lett. 2007, 9, 765–767. 

(38) Xiang, J.; Xie, H.; Wen, D.; Dang, Q.; Bai, X. Synthesis of pyrido[2,3-e]pyrrolo[1,2-

a]pyrazine derivatives via tandem iminium cyclization and smiles rearrangement. J. Org. 

Chem. 2008, 73, 3281–3283. 

(39) Xiang, J.; Wen, D.; Xie, H.; Dang, Q.; Bai, X. Synthesis of novel 8,9-dihydro-5H-

pyrimido[4,5-e][1,4]diazepin-7(6H)-ones. J. Comb. Chem. 2010, 12, 503–509. 

(40) Xiang, J.; Geng, C.; Yi, L.; Dang, Q.; Bai, X. Synthesis of highly substituted 2,3-

dihydropyrimido[4,5-d]pyrimidin-4(1H)-ones from 4,6-dichloro-5-formylpyrimidine, amines 

and aldehydes. Mol. Divers. 2011, 15, 839–847. 

Page 18 of 20

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 19

(41) Xie, H.; Xiang, J.; Dang, Q.; Bai, X. A highly stereocontrolled intramolecular 

cycloaddition reaction of azomethine ylide activated by a pyrimidine ring: Access to novel 

tricyclic hexahydro-1H-pyrrolo[2',3':4,5]pyrido[2,3-d]pyrimidines. Synlett 2012, 23, 585–588. 

(42) Ryabukhin, S. V.; Plaskon, A. S.; Boron, S. Y.; Volochnyuk, D. M.; Tolmachev, A. A. 

Aminoheterocycles as synthons for combinatorial Biginelli reactions. Mol. Divers. 2011, 15, 

189–195. 

(43) Bailey, C. D.; Houlden, C. E.; Bar, G. L. J.; Lloyd-Jones, G. C.; Booker-Milburn, K. I. A 

chemo- and regio-selective three-component dihydropyrimidinone synthesis. Chem. Commun. 

2007, 2932–2934. 

(44) The Supporting Information contains the crystallographic information files (CIF) of 

compound 4{1,1,6}. Additional information can be obtained free of charge from The 

Cambridge Crystallographic Data Centre (CCDC 946268). 

(45) Nikitin, S. V.; Smirnov, L. D. Synthesis, chemical and biological properties of 

pyrido[1,2-a]pyrimidines. Chem. Heterocycl. Comp. 1994, 30, 507–522. 

(46) Zhu, Y.-L.; Huang, S.-L.; Pan, Y.-J. Highly chemoselective multicomponent Biginelli-

type condensations of cycloalkanones, urea or thiourea and aldehydes. Eur. J. Org. Chem. 

2005, 2005, 2354–2367.  

(47) Hsiao, Y.-S.; Yellol, G. S.; Chen, L.-H.; Sun, C.-M. Multidisciplinary synthetic approach 

for rapid combinatorial library synthesis of triaza-fluorenes. J. Comb. Chem. 2010, 12, 723–

732. 

Page 19 of 20

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



 20

 

Table of Contents graphic  

 

Page 20 of 20

ACS Paragon Plus Environment

ACS Combinatorial Science

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


