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Abstract

Domino strategy has been used for the synthesis of 2H-pyrido[1,2-a]pyrimidin-2-ones. Four
sequential reactions: aza-Michael addition, water elimination, intramolecular acyl substitution, and
[1,3]-H shift were observed in this domino protocol. Hexafluoroisopropanol is used as a promotor
and recyclable solvent in this cascade process. Availability of inexpensive 2-aminopyridines and
wide variety of Michael acceptors such as commercially available acrylates and unactivated
Baylis-Hillman adducts makes this methodology a huge reservoir of novel fused N-heterocycles as
bioactive and potential therapeutic agents. The reaction mechanism has been proposed and
rationalized by density functional theory calculation. Products are obtained up to 95% vyield.
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1. INTRODUCTION

Fused N-heterocycles are among the most widely used chemicals owing to its medicinal,!
agrochemical,? and material properties.3 4 The 2H-pyridopyrimidinone scaffold is an
important class of nitrogen heterocycles. Many synthetic pyridopyrimidinones have
occupied privileged position in drug development due to their unprecedented biological
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activities. This scaffold is an integral part of marketed drugs for the treatment of
schizophrenia® and asthma.6 Many of these molecules have been reported as anticancer,’
antimalarial,® 9 and anticoccidiall® agents. Some of the them have also been recognized as
aldose reductase inhibitors,11 estrogen-related receptors (ERRS) agonists,}2 G protein
signaling (RGS) protein regulators,3 HIV integrase inhibitors,14 efflux pump inhibitors,1°
etc.16 Pyridopyrimidinone scaffold is also a key constituent of numerous natural products
possessing wide range of biological activities including antitumor, anti-influenza, oxidative

burst inhibitory, lipid droplet synthesis inhibition, and anti-obesity properties (Figure 1).
17-20

Because of the great value of these heterocycles, many groups have reported the synthesis of
4H-pyrido[1,2-a]pyrimidin-4-one scaffold but the synthesis of its regioisomer, 2H-
pyrido[1,2-a]pyrimidin-2-one is scarce. Basavaiah et al. has used Baylis-Hillman (BH)
derived acetates and 2-aminopyridines to synthesize these molecules in one-pot protocol.2!
Microwave assisted neat reaction has also been reported to synthesize 2H-pyrido[1,2-
a]pyrimidin-2-ones using the same starting materials.22 Michael addition of 2-
aminopyridines on acetylene-derived electrophiles have been used to synthesize these fused
pyridopyrimidinones by many groups.23: 24 Chichetti et al. have reported the solvent-free
microwave synthesis of novel 6-hydroxypyrimidin-4(1H)-one derivatives using
arylmalonates.2> Su et al. have reported the synthesis of these heterocycles by using
Vilsmeier reagent.26 Above methods require, activated Baylis-Hillman adducts,2% 27
microwave assistance, 22 25 and added reagents.23 24. 26 |n our effort to develop domino
methodologies to synthesize novel heterocycles,28 29 herein, we present
hexafluoroisopropanol (HFIP) mediated sustainable design, reagent or catalyst free, and
negligible by product formation for the synthesis of 2H-pyrido[1,2-a]pyrimidin-2-ones by
using 2-aminopyridines and unactivated BH-adducts.

Hexafluoroisopropanol (HFIP) is one of the fluorinated solvents with unique properties such
as high hydrogen bonding donor ability, low nucleophilicity, high ionizing power, and ability
to solvate water. HFIP is used to promote a wide range of reactions and this promoter and
solvent helps to avoid metal catalyst and added reagents. HFIP mediated products are easily
isolated in high yield and the solvent is easily recovered from the reaction medium and
reused. Thus, HFIP is used as an environmentally benign solvent as it could be recovered
and recycled and also most of the reactions don’t need work-up and tidy purification.3° Due
to unique properties and environmentally benign nature, HFIP has been used as solvent and
promoter for a wide range of reactions.31-33 We have found HFIP as the best solvent and
promoter for the synthesis of 2,3-dihydro-4H-pyrido[1,2-a]pyrimidin-4-ones and thiazole
derivatives.28 29 Keep in mind the benign nature of HFIP, we have used this solvent as a
promoter as well as reaction medium for this methodology.

2. Results and Discussion

Conjugate addition of 2-aminopyridines to a Michael acceptor is well known in literature.
34,35 Michael addition followed by intramolecular acyl substitution to form 4H-pyrido[1,2-
a]pyrimidin-4-one has been reported by us and others.28: 36 Success of this domino
methodology for the synthesis of 4H-pyrido[1,2-a]pyrimidin-4-one turned our attention to
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Baylis-Hillman adducts as the Michael acceptors. Baylis-Hillman adducts are the huge
reservoir of Michael acceptors for numerous reactions.3” We started our study with the
reaction of 2-aminopyridine with one of the simplest Baylis-Hillman adducts, methyl 2-
(hydroxymethyl) acrylate. Refluxing of the reaction mixture for 12 hours showed the
complete disappearance of the starting materials. Adding 5 mL acetone precipitated the
product, which on filtration afforded the pure product (12) in 90% yield (Scheme 1).

Successful product formation led us to explore the mechanism of the reaction 2-
Aminopyridine (1) can exist in its isomeric form as pyridine-2(1H)-imine (Figure 2). We
carried out computational studies to find the feasibility of this transformation. Standard
Gibbs free energy for this conversion is +13.0 kcal/mol in neat condition and it increases to
+23.5 kcal/mol in HFIP solvent. Hence, the conversion of 2-aminopyridine (1) to
pyridine-2(1H)-imine is unlikely. Therefore, 2-aminopyridine (1) is the sole reactive
nucleophile in a reaction for this methodology. HFIP is a strong hydrogen bond donor39 and
this highly fluorinated alcohol makes strong hydrogen bonding with the oxygens of ester and
hydroxy groups of the Baylis-Hillman adduct (2). Hydrogen bonding of HFIP with the BH-
adduct makes the p-carbon of the Michael acceptor (2) more electrophilic for Michael
addition. Activation of the BH-adducts by this fluorinated solvent is the key factor for the
facile reactions of this methodology.

There are two possible nucleophilic atoms, the amino nitrogen and the ring nitrogen, of 2-
aminopyridine (1) for the conjugate addition to a Michael acceptor, which leads to two
different paths for the reaction (Scheme 1). Path A involves the Michael addition of amino
nitrogen of 2-aminopyridine, which leads to the formation of 4H-pyrido[1,2-a]pyrimidin-4-
one after the intramolecular acyl substitution followed by 1,3-hydrogen shift. Path B
involves the Michael addition of pyridine nitrogen of 2-aminopyridine, which would lead to
the formation of 2H-pyrido[1,2-a]pyrimidin-2-one by the same sequence of reactions. To the
best of our knowledge, the rationale for two different products has not been explored. We
computed the feasibility of the both favored and unfavored pathways by using hybrid-
density functional method (M06-2X)/6-31+G(d,p)38 + PCM as implement in Gaussian 09
suite of programs.3? The relative calculated Gibbs energy (in kcal/mol) for Path A and Path
B are shown in Scheme 1.

For Path A, the calculation showed that Michael addition to the BH adduct leads to the
formation of enol (4) via zwitterionic enolate intermediate (3), which undergoes water
elimination to form imino acrylate derivative (5). Water elimination of enol (4) to form
imino acrylate (5) is highly favorable and exergonic (AG = -24.78 kcal/mol). Intramolecular
acyl substitution to form exomethylene pyridopyrimidinone (6) is not energetically favored
and endergonic (AG = +12.48 kcal/mol). The final molecule (7) could form by a [1,3]-H
shift. For Path B, Michael addition of 2-aminopyridine (1) on BH adduct (2) is endergonic
(AG = +11.55 kcal/mol) but more favorable than Path A by ~3 kcal/mol. This favorable
energy difference favors the product formation by this pathway. Our calculations suggests
that zwitterionic enolate (8) is favored and it does not convert into enol form (9). This can be
explained by taking aromatic sextet into consideration as suggested by Sola et al.40
Zwitterionic enolate (8) has the sextet and sextet is not possible in its enol form (9). To the
best our knowledge, this is a rare example in which enolate is favored over enol form in an
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acidic condition. Intermediate (8) directly undergoes water elimination to form the acrylate
derivative (10). Although, water elimination is exergonic (AG = -10.35 kcal/mol) process to
form (10) but AG value is much less than the similar step (4 to 5) of Path A. Water
elimination causes the loss of sextet in Path B, on the other hand, water elimination in Path
A does not affect the sextet of the pyridine moiety. Intramolecular acyl substitution leads to
the formation of exomethylene pyridopyrimidinone (11) and it is an exergonic (AG = -6.72
kcal/mol) process. Similar step (5to 6) in Path A is highly endergonic (AG = +12.58 kcal/
mol). The energy difference (~20 kcal/mol) of intramolecular acyl substitution between Path
A and Path B is due to the losing of sextet in Path A. Conversely, the electronic structure of
the pyridine ring is not affected in Path B. Energetically favorable (AG = -15.77 kcal/mol)
[1,3]-H shift leads to the formation of final molecule (12) in a domino process.

After the successful product (12) formation of 2-aminopyridine with BH-adduct, we carried
out the reaction of methyl substituted 2-aminopyridines under the same reaction condition
(Scheme 2). Corresponding products formed smoothly in an average of 72% yield. All the
methyl substituted 2-aminopyridines reacted with the Baylis-Hillman derived Michael
acceptor to give the corresponding products (13, 14, & 15). Dimethyl substituted product
(15) has been synthesized in multi-gram scale without affecting the yield and purity. We also
tried the reaction of 2-amino-4-ethyl pyridine with BH-adduct and the product (16) formed
in 60% vyield. Success of the electron donating substituents (alkyl) prompted us to try
moderately electron withdrawing groups such as halogens (F, Cl, Br, & I). Fluoro substituted
2-aminopyridines reacted with the Michael acceptor to form the products (17 & 18) in very
good yield. The reaction of 2-amino-5-chloropyridine with the electrophile under the
refluxing condition of HFIP afforded the corresponding pyridopyrimidinone derivative (19)
in 74% yield. 2-Amino-4-bromopyridine reacted smoothly with the Michael acceptor to give
the corresponding product (20). lodo substituted product (21) was formed from the
corresponding 2-aminopyridine in 85% yield. Stronger electron withdrawing groups such as
trifluoro methyl (CF3) did not hamper this domino process. Both 3 and 5 trifluoro methyl 2-
aminopyridines also reacted smoothly to form the corresponding products (22 & 23) in 52%
and 59% yields respectively. Successful product formation of monosubstituted 2-
aminopyridines led us to try the disubstituted 2-aminopyridines to get densely functionalized
pyridopyrimidinones. Treatment of bromo-methyl-2-aminopyridines with the Baylis-
Hillman derived Michael acceptor afforded the products formation in good yields (24, 25 &
26). Halogen substituted pyridopyrimidinones, particularly bromo and iodo derivatives (20,
21, 24, & 26), could be the excellent precursors for novel scaffolds as potential bioactive
agents. Derivatization of these molecules can be done with the metal (Pd, Cu, etc.) catalyzed
coupling reactions.

After the successful derivatization of a-hydroxymethyl acrylate, we tried the domino
reaction of benzaldehyde-derived Baylis-Hillman adduct (methy! 2-
[hydroxy(phenyl)methyl] acrylate) with 2-aminopyridines to expand the scope of this
methodology (Scheme 3). The reaction worked expectantly and the product (27) was
obtained by filtration in 93% yield. Methyl substituted aminopyridines reacted efficiently
with this electrophile to give the desired products (28 & 29). 3-Fluoro and 5-fluoro derived
aminopyridines reacted with electrophile to give the corresponding products (30 & 31) in
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67% and 86% yields respectively. Reaction of the 2-amino-5-chloropyridine with the
benzaldehyde-derived Baylis-Hillman adduct gave the desired pyridopyrimidinone (32) in
76% yield. Bromo substituted products (33 & 34) were obtained by the reaction of 2-
aminopyridines with Michael acceptors in expected average yield. 5-lodo substituted
nucleophile reacted with Baylis-Hillman adduct to give the analogous product (35) in 76%
yield. Withdrawing group such as CF3 did not hamper the product (36 & 37) formation.
Polysubstituted nucleophiles also gave the desired products (38 & 39) in 72% and 68% yield
respectively. These small molecules have the potential to be further functionalized to
generate large number of novel scaffolds.

To study the robustness of this methodology, we tried 4-nitro substituted Baylis-Hillman
adduct as an electrophile (Scheme 4). The methodology is equally effective for this
substrate. Methyl substituted 2-aminopyridines reacted to give the corresponding products
(40 & 41) in an average of 70% yield. Moderately electron withdrawing groups, halogens,
gave the corresponding products (42, 43, & 44) and pure products are obtained by simple
filtration.

Last but not least, we tested the scope of this methodology to synthesize multiple ring
system by reacting 2-aminoquinoline with the BH-adduct. The reaction underwent smoothly
to give the expected product (45) in 54% yield (Scheme 5).

Several attempts to grow crystals for X-ray single crystal diffraction failed. We confirmed
the structures (13) by HMBC experiment (Figure 3).

The carbon signal at § 169.5 (C-1) shows correlation with proton signals at & 7.68 (H-3)
and 6 2.20 (H-10) confirming the 1,3 relationships between these two carbon center. The
carbon signals at 6 134.5 (C-3) and 6 129.9 (C-4) has correlations with proton signals at &
7.50 (H-4) and & (H-3) respectively, this mutual correlation confirms that these two carbons
are spaced two bonds away from each other. Correlation of carbon signal at § 151.2 (C-8)
with proton signals at 6 7.68 (H-3), & 7.50 (H-4) confirms that the C-8 carbon is the
bridging carbon between the two rings. Further correlation of proton signal at 6 2.49 (H-9)
with carbon signal at 6 151.2 (C-8) along with other correlation as mentioned in the table
clearly confirms the structure of compound 13 (Table 1).

For medicinal chemistry research, further derivatizations of these molecules are required to
enhance or optimize their pharmacological properties. So we tried the reaction of some
molecules (15) in multi-gram scale. The scaling up of the reaction to multi-gram scale does
not require any special modification and products were isolated in pure form without any
difficulty. Additionally, the reaction solvent was easily recovered, and recycled by simple
distillation to achieve the best possible Environmental Factor (E).*!

3. Conclusion

In this article, we designed and developed a strategy for the synthesis of
pyridopyrimidinones and their derivatives. We have also proposed the mechanism and
rationalized by density functional theory calculation. The use of HFIP facilitates the efficient
Michael addition, cyclization, elimination, and rearrangement in a domino process. Ease of
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synthesis and scalability to multigram scale are key factors to utilize this methodology for
further scope. Variability of both electrophiles (Baylis-Hillman adducts) and nucleophiles
(2-aminopyridines) will be help to generate a library of new scaffolds required for the drug
discovery and biological study. The developed reaction is clean and products could be
isolated by simple filtration. Bromo and iodo substituted products will be the starting point
for the metal catalyzed coupling reaction to generate a large number of new scaffolds as
potential bioactive compounds. These findings will be reported in due course.

4. Experimental

4.1. General information

All commercial chemicals and solvents are reagent grade and were used without further
treatment unless otherwise noted. 'H NMR spectra were obtained with a Varian
Mercury-300MHz with TMS as internal standard. 13C NMR spectra were obtained with a
Varian Mercury-75MHz with TMS as internal standard. The ESI-FTMS Mass spectra were
recorded Bruker ApexlI-FTMS system. Low resolution mass spectra were recorded in
Shimadzu QQQ instrument.

4.2. General procedure for the synthesis of pyridopyrimidinones

A mixture of 2-aminopyridine derivative (1.0 mmol) and Baylis-Hillman adduct (1.1 mmol)
in HFIP (2 mL) was refluxed overnight to get the solid precipitate. Filtration gave the pure
product without further purification. If the solid product did not form then HFIP was
evaporated and ethyl acetate or methanol was added to get the solid precipitate, which on
filtration afforded the pure compounds.

3-Methyl-2H-pyrido[1,2-a]pyrimidin-2-one (12)—This molecule is known but no data
have been reported.?® Yield 0.144 g (90%), white, 1H NMR (300 MHz, DMSO-dg): 6 8.31
(s, 1H), 8.13 (d, /= 6.5 Hz, 1H), 7.65 (t, J= 7.5 Hz, 1H), 7.15 (d, /= 9.0 Hz, 1H), 6.95 (t, J
= 6.7 Hz, 1H), 1.96 (s, 3H), 13C NMR (75 MHz, DMSO-dg): & = 168.4,151.1, 136.5, 136.0,
134.0, 124.8, 123.0, 113.0, 14.7. ESI Mass (m/z) for CgHgN,O: [M+H]calc = 161.1, [M
+H]expt = 161.1.

3,9-Dimethyl-2H-pyrido[1,2-a]pyrimidin-2-one (13)—Yield 0.160g (92%), yellow, 1H
NMR (300 MHz, DMSO-dg): & 8.28 (s, 1H), 7.99 (d, J= 6.7 Hz, 1H), 7.52 (d, J= 6.8 Hz,
1H), 6.85 (t, J= 6.8 Hz, 1H), 2.26 (s, 3H), 1.95 (s, 3H), 13C NMR (75 MHz, DMSO-dg +
CDCl3): 6 =168.4, 150.7, 136.3, 134.4, 131.9, 131.0, 124.6, 112.6, 18.0, 14.6. HRMS (ESI-
FTMS Mass (m/z): CgH11N,0: [M+H]calc = 175.0866, [M+H]expt = 175.0865.

3,8-Dimethyl-2H-pyrido[1,2-a]pyrimidin-2-one (14)—Yield 0.121g (70)%, brownish,
1H NMR (300 MHz, DMSO-dg): 6 8.24 (s, 1H), 8.03 (d, /= 6.9 Hz, 1H), 6.95 (s, 1H), 6.82
(d, J= 5.5 Hz, 1H), 2.32 (s, 3H), 1.94 (s, 3H), 13C NMR (75 MHz, DMSO-dg): 6 = 168.5,
151.1, 147.8, 135.6, 133.2, 124.2, 120.8, 115.4, 21.2, 14.7. HRMS (ESI-FTMS Mass (m/z):
CgH11N»0: [M+H]calc = 175.0866, [M+H]expt = 175.0863.
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3,7-Dimethyl-2H-pyrido[1,2-a]pyrimidin-2-one (15)—Yield 0.165g (95%), yellowish,
1H NMR (300 MHz, DMSO-dg): 68.20 (s, 1H), 7.96 (s, 1H), 7.55 (d, J= 9.1 Hz, 1H), 7.10
(d, J= 9.1 Hz, 1H), 2.21 (s, 3H), 2.06 (s, 3H), 13C NMR (75 MHz, DMSO-dg): & = 168.4,
150.1, 139.2, 135.7, 131.1, 124.7, 122.6, 122.2, 17.3, 14.8. HRMS (ESI-FTMS Mass (m/z):
CgH11N20: [M+H]calc = 175.0866, [M+H]expt = 175.0861.

8-Ethyl-3-methyl-2H-pyrido[1,2-a]pyrimidin-2-one (16)—Yield 0.112g (60%),
brownish, IH NMR (300 MHz, CDCls): d 7.70 (s, 1H), 7.59 (d, /= 7.0 Hz, 1H), 7.08 (s,
1H), 6.67 (dd, /= 1.8, 7.0 Hz, 1H), 2.67 (q, J= 7.5 Hz, 2H), 2.16 (s, 3H), 1.27 (t, J= 7.5 Hz,
3H), 13C NMR (75 MHz, CDClg): 6 = 169.3, 152.5, 151.4, 133.9, 131.2, 126.1, 120.8,
114.6, 28.3, 14.7, 13.2. HRMS (ESI-FTMS Mass (m/z): C11H13N,0: [M+H]calc =
189.1022, [M+H]expt = 189.1022.

9-Fluoro-3-methyl-2H-pyrido[1,2-a]pyrimidin-2-one (17)—Yield 0.147g (83%), light
brown, 1H NMR (300 MHz, DMSO-dg + TFA-D): & 8.38 (s, 1H), 7.99 (d, J= 6.9 Hz, 1H),
7.61 (t, J= 7.7 Hz, 1H), 6.95-6.38 (m, 1H), 1.98 (s, 3H), 13C NMR (75 MHz, DMSO-dg +
TFA-D): 6 = 161.7, 148.7 (d, 1/= 251.8 Hz), 141.2 (d, 2J= 25.1 Hz), 139.1, 132.4 (d, 4J=
5.0 Hz), 127.0, 125.2 (d, 2J=15.9 Hz), 118.0 (d, 2= 6.7 Hz), 13.3. HRMS (ESI-FTMS
Mass (m/z): CgHgFN,O: [M+H]calc = 179.0615, [M+H]expt = 179.0614.

7-Fluoro-3-methyl-2H-pyrido[1,2-a]pyrimidin-2-one (18)—Yield 0.137g (77%),
brownish, 1H NMR (300 MHz, DMSO-dg + CDCl5): & 8.43 (s, 1H), 8.22 (s, 1H), 7.82 (t, J
=7.5Hz, 1H), 7.22 (dd, /= 5.5 Hz, 1H), 1.97 (s, 3H), 13C NMR (75 MHz, DMSO-dg +
CDClg): 6 =168.2, 151.3 (d, 1= 234.9 Hz), 149.4, 136.0, 128.9 (d, 2J= 24.6 Hz), 125.2,
124.7 (d, 3J= 7.9 Hz), 120.5 (d, 2J= 40.9 Hz), 14.7. HRMS (ESI-FTMS Mass (m/z):
CgHgFN,0: [M+H]calc = 179.0615, [M+H]expt = 179.0612.

7-Chloro-3-methyl-2H-pyrido[1,2-a]pyrimidin-2-one (19)—Yield 0.144g (74%),
white, TH NMR (300 MHz, DMSO-dg): 6 8.45 (d, /= 2.2 Hz, 1H), 8.22 (s, 1H), 7.72 (dd, J
=2.3,9.6 Hz, 1H), 7.17 (d, J= 9.6 Hz, 1H), 1.96 (s, 3H), 13C NMR (75 MHz, DMSO-dg): &
=168.2, 149.8, 137.0, 135.6, 131.8, 125.0, 124.4, 118.7, 14.7. HRMS (ESI-FTMS Mass
(m/z): CgHgCIN,O [M+H]calc = 195.0320, [M+H]expt = 195.0322.

8-Bromo-3-methyl-2H-pyrido[1,2-a]pyrimidin-2-one (20)—Yield 0.145¢g (61%),
brownish, 1H NMR (300 MHz, DMSO-dg + TFA-D): & 8.30 (s, 1H), 8.09 (d, /= 7.3 Hz,
1H), 7.47 (s, 1H), 7.20 (d, J= 6.9 Hz, 1H), 1.95 (s, 3H), 13C NMR (75 MHz, DMSO-dg +
TFA-d): § =159.1, 147.1, 138.8, 138.2, 137.1, 127.4, 122.5, 118.1, 13.4. HRMS (ESI-
FTMS Mass (m/z): calcd for CgHgBrNoO [M+H]calc = 240.9794, [M+H]expt = 240.9797.

7-lodo-3-methyl-2H-pyrido[1,2-a]pyrimidin-2-one (21)—Yield 0.243g (85%), white,
IH NMR (300 MHz, DMSO-dg): 6 8.50 (d, /= 1.7 Hz, 1H), 8.19 (s, 1H), 7.81 (dd, /= 1.8,
9.4 Hz, 1H), 6.96 (d, J= 9.4 Hz, 1H), 1.73 (s, 3H), 13C NMR (75 MHz, DMSO-dg): 6 =
168.2,149.8, 143.4, 138.1, 135.2, 124.8, 124.3, 75.7, 14.7. HRMS (ESI-FTMS Mass (m/z):
CoHgIN,O [M+H]calc = 286.9676, [M+H]expt = 286.9678.
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3-Methyl-9-(trifluoromethyl)-2H-pyrido[1,2-a]pyrimidin-2-one (22)—Yield 0.118g
(52%), white, TH NMR (300 MHz, DMSO-dg): 6 8.38 (s, 1H), 8.35 (d, /= 6.8 Hz, 1H), 8.16
(d, J=7.2 Hz, 1H), 7.04 (t, J= 7.0 Hz, 1H), 1.98 (s, 3H), 13C NMR (75 MHz, DMSO-dg): &
=167.4, 147.2, 138.4, 136.6, 136.5 (q, 3J= 5.4 Hz), 125.3, 122.8 (g, 1/= 270.3 Hz), 120.0
(9, 2J=30.6 Hz), 111.0, 14.7. HRMS (ESI-FTMS Mass (m/z): C1gHgF3N,0 [M+H]calc =
229.0583, [M+H]expt = 229.0585.

3-Methyl-7-(trifluoromethyl)-2H-pyrido[1,2-a]pyrimidin-2-one (23)—Yield 0.134g
(59%), white, 1H NMR (300 MHz, DMSO-dg + TFA-D): 6 9.44 (s, 1H), 8.74 (s, 1H), 7.84
(dd, /= 1.7, 9.3 Hz, 1H), 7.80 (d, /= 9.3 Hz, 1H), 2.14 (s, 3H), 13C NMR (75 MHz, DMSO-
dg): 6 = 159.1, 148.8, 138.5, 138.3, 136.1 (q, 3J= 21.0), 128.3, 122.4 (q, 1/= 270.3 Hz),
119.9 (q, 2J= 36.4 Hz), 117.2, 13.5. HRMS (ESI-FTMS Mass (m/z): C1oHgF3N,0 [M
+H]calc = 229.0583, [M+H]expt = 229.0585.

9-Bromo-3,7-dimethyl-2H-pyrido[1,2-a]pyrimidin-2-one (24)—Yield 0.210g (83%),
brownish, 1H NMR (300 MHz, DMSO-dg): & 8.22 (s, 1H), 8.07 (s, 1H), 8.00 (s, 1H), 2.20
(s, 3H), 1.97 (s, 3H), 13C NMR (75 MHz, DMSO-dg): 6 = 168.3, 147.2, 141.8, 136.4, 131.4,
125.1,122.2, 116.3, 17.0, 14.5. HRMS (ESI-FTMS Mass (m/z): C1gH1oBrN,O [M+H]calc
=254.9951, [M+H]expt = 254.9953.

7-Bromo-3,8-dimethyl-2H-pyrido[1,2-a]pyrimidin-2-one (25)—VYield 0.177g (70%),
white, TH NMR (300 MHz, DMSO-dg): 6 8.52 (s, 1H), 8.17 (s, 1H), 7.15 (s, 1H), 2.08 (s,
3H), 1.94 (s, 3H), 13C NMR (75 MHz, DMSO-dg): 6 = 168.3, 150.2, 147.0, 134.9, 133.6,
124.5,122.1, 109.7, 22.2, 14.8. HRMS (ESI-FTMS Mass (m/z): C1gH19BrN>O [M+H]calc
=254.9951, [M+H]expt = 254.9953.

7-lodo-3,9-dimethyl-2H-pyrido[1,2-a]pyrimidin-2-one (26)—Yield 0.198g (66%),
yellowish, 1H NMR (300 MHz, DMSO-dg): 6 8.36 (s, 1H), 8.18 (s, 1H), 7.74 (s, 1H), 2.25
(s, 3H), 1.95 (s, 3H), 13C NMR (75 MHz, DMSO-dg): 6 = 168.1, 149.5, 141.1, 136.0, 135.5,
132.7,124.6, 75.7, 17.6, 14.7. HRMS (ESI-FTMS Mass (m/z): C1oH10IN2O [M+H]calc =
300.9832, [M+H]expt = 300.9835.

3-Benzyl-2H-pyrido[1,2-a]pyrimidin-2-one (27)—Analytical data are in very good
agreement with reported data.2’ Yield 0.219g (93%), beige, 1H NMR (300 MHz, DMSO-
dg): & 8.22 (s, 1H), 8.16 (d, J= 6.7 Hz, 1H), 7.65 (t, J= 7.9 Hz, 1H), 7.30-7.20 (m, 5H),
7.15 (d, J= 6.1 Hz, 1H), 6.93 (t, /= 6.6 Hz, 1H), 3.72 (s, 2H), 13C NMR (75 MHz, DMSO-
dg): 6 =167.6, 151.1, 139.2, 136.9, 136.7, 134.4, 129.3, 128.7, 127.9, 126.6, 122.9, 113.1,
34.1. HRMS (ESI-FTMS Mass (m/z): C15H13N,0 [M+H]calc = 237.1022, [M+H]expt =
237.1025.

3-Benzyl-9-methyl-2H-pyrido[1,2-a]pyrimidin-2-one (28)—Analytical data are in
very good agreement with reported data.2” Yield 0.182g (73%), brownish, 1H NMR (300
MHz, DMSO-dg): & 8.22 (s, 1H), 8.04 (d, J= 6.6 Hz, 1H), 7.54 (d, /= 6.9 Hz, 1H), 7.28-
7.19 (m, 5H), 6.85 (t, J= 6.8 Hz, 1H), 3.72 (s, 2H), 2.27 (s, 3H), 13C NMR (75 MHz,
DMSO-dg): & = 167.5, 150.7, 139.3, 137.2, 134.6, 132.3, 131.0, 129.3, 128.7, 127.7, 126.6,
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112.6, 34.0, 18.1. HRMS (ESI-FTMS Mass (m/z): C1gH15N,0 [M+H]calc = 251.1179, [M
+H]expt = 251.1181.

3-Benzyl-7-methyl-2H-pyrido[1,2-a]pyrimidin-2-one (29)—Yield 0.232g (93%),
white, IH NMR (300 MHz, DMSO-dg): & 8.08 (s, 1H), 8.00 (s, 1H), 7.55 (d, J= 9.1 Hz,
1H), 7.30-7.28 (m, 4H), 7.29-7.19 (m, 1H), 7.10 (d, J= 9.2 Hz, 1H), 3.71 (s, 2H), 2.19 (s,
3H), 13C NMR (75 MHz, DMSO-dg): 6 = 167.7, 150.1, 139.4, 139.1, 136.4, 131.6, 129.3,
128.7,127.9, 126.6, 122.5, 34.3, 17.5. HRMS (ESI-FTMS Mass (m/z): C15H15N20 [M
+H]calc = 251.1179, [M+H]expt = 251.1183.

3-Benzyl-9-fluoro-2H-pyrido[1,2-a]pyrimidin-2-one (30)—Yield 0.170g (67%),
white, 1TH NMR (300 MHz, DMSO-dg): & 8.30 (s, 1H), 8.04 (d, /= 6.9 Hz, 1H), 7.61 (t, J=
8.7 Hz, 1H), 7.30-7.21 (m, 5H), 6.94-6.88 (m, 1H), 3.75 (s, 2H), 13C NMR (75 MHz,
DMSO-dg): 6 = 167.0, 150.9 (d, 1/= 248.4 Hz), 144.7 (d, 2J= 21.7 Hz), 138.9, 137.1, 130.7
(d, 4J=5.4 Hz), 129.3, 128.7, 128.6, 126.7, 118.3 (d, 2J= 17.4 Hz), 111.2 (d, 3J= 7.0 Hz),
34.1. HRMS (ESI-FTMS Mass (m/z): C15H12FN,0 [M+H]calc = 255.0928, [M+H]expt =
255.0932.

3-Benzyl-7-fluoro-2H-pyrido[1,2-a]pyrimidin-2-one (31)—Yield 0.218g (86%),
white, TH NMR (300 MHz, DMSO-dg + TFA-D): & 9.13 (s, 1H), 8.55 (s, 1H), 8.45-8.40
(m, 1H), 7.71 (dd, J = 4.8, 9.8 Hz, 1H), 7.32-7.30 (m, 3H), 7.27-7.23 (m, 2H), 3.89 (s, 2H),
13C NMR (75 MHz, DMSO-dg + TFA-D): & = 158.3, 154.1 (1J= 242.5 Hz), 145.5, 139.0,
136.8, 134.6 (2J=23.5 Hz), 131.3, 129.3, 128.8, 127.2, 124.5 (3J= 7.9 Hz), 32.9. HRMS
(ESI-FTMS Mass (m/z): C15H12FN20O [M+H]calc = 255.0928, [M+H]expt = 255.0932.

3-Benzyl-7-chloro-2H-pyrido[1,2-a]pyrimidin-2-one (32)—Analytical data are in
very good agreement with reported data.2” Yield 0.205g (76%), light brown, 1H NMR (300
MHz, DMSO-dg): 6 8.51 (d, J= 2.1 Hz, 1H), 8.11 (s, 1H), 7.73 (dd, /= 2.2, 9.6 Hz, 1H),
7.30-7.16 (m, 6H), 3.72 (s, 2H), 13C NMR (75 MHz, DMSO-dg): 6 = 167.5, 149.8, 138.8,
137.2,136.5, 132.2, 129.4, 128.8, 128.1, 126.7, 124.3, 118.8, 34.1. HRMS (ESI-FTMS
Mass (m/z): C15H12CINoO [M+H]calc = 271.0633, [M+H]expt = 271.0635.

3-Benzyl-9-bromo-2H-pyrido[1,2-a]pyrimidin-2-one (33)—Yield 0.208g (66%),
brownish, *H NMR (300 MHz, DMSO-dg + CDCl5): & 8.26 (s, 1H), 8.22 (d, /= 6.8 Hz,
1H), 8.11 (d, /= 7.4 Hz, 1H), 7.29-7.27 (m, 4H), 7.24-7.19 (m, 1H), 6.84 (t, /= 7.4 Hz,
1H), 3.75 (s, 2H), 13C NMR (75 MHz, DMSO-dg + CDCls): 6 = 167.5, 148.2, 139.4, 138.9,
137.6,134.5,129.3, 128.7, 128.2, 126.7, 116.7, 112.8, 33.8. HRMS (ESI-FTMS Mass (m/z):
C15H12BrN,O [M+H]calc = 317.0108, [M+H]expt = 317.0109.

3-Benzyl-7-bromo-2H-pyrido[1,2-a]pyrimidin-2-one (34)—Analytical data are in
very good agreement with reported data.2” Yield 0.223g (71%), white, 1H NMR (300 MHz,
DMSO-dg + CDCl3): 6 8.56 (s, 1H), 8.10 (s, 1H), 7.78 (d, J= 8.1 Hz, 1H), 7.30-7.24 (m,
5H), 7.11 (d, J= 9.6 Hz, 1H), 3.72 (s, 2H), 13C NMR (75 MHz, DMSO-dg + CDCl3): 6 =
167.4,149.8, 139.3, 138.8, 136.4, 134.2, 129.4, 128.8, 128.1, 126.7, 124.4, 105.6, 34.1.
HRMS (ESI-FTMS Mass (m/z): C15H12BrN,0O [M+H]calc = 317.0108, [M+H]expt =
317.0109.
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3-Benzyl-7-iodo-2H-pyrido[1,2-a]pyrimidin-2-one (35)—Yield 0.275g (76%),
yellowish, 1H NMR (300 MHz, DMSO-dg): 6 8.55 (s, 1H), 8.08 (s, 1H), 7.81 (d, /= 9.4 Hz,
1H), 7.29-7.28 (m, 4H), 7.28-7.21 (m, 1H), 6.96 (d, /= 9.3 Hz, 1H), 3.70 (s, 2H) 13C NMR
(75 MHz, DMSO-dg): & = 167.4, 149.8, 143.6, 138.8, 138.6, 136.1, 129.4, 128.8, 127.9,
126.7, 124.2, 79.4, 34.1. HRMS (ESI-FTMS Mass (m/z): C15H12IN,0 [M+H]calc =
362.9989, [M+H]expt = 362.9992.

3-(Benzyl)-9-(trifluoromethyl)-2H-pyrido[1,2-a]pyrimidin-2-one (36)—Yield
0.203g (67%), white, 1H NMR (300 MHz, DMSO-dg): 6 8.39 (d, J= 6.7 Hz, 1H), 8.31 (s,
1H), 8.16 (d, J= 7.2 Hz, 1H), 7.31-7.21 (m, 5H), 7.03 (t, J= 7.2 Hz, 1H), 3.74 (s, 2H), 13C
NMR (75 MHz, DMSO-dg): 6= 166.6, 147.3, 138.9, 138.8, 137.5, 136.8 (d, 3/= 5.2 Hz),
129.3,128.7, 128.2, 126.7, 122.8 (d, 1J= 270.2 Hz), 120.0 (d, 2/= 30.6 Hz), 111.1, 34.0.
HRMS (ESI-FTMS Mass (m/z): C1gH12F3N>0 [M+H]calc = 305.0896, [M+H]expt =
305.0899.

3-Benzyl-7-(trifluoromethyl)-2H-pyrido[1,2-a]pyrimidin-2-one (37)—Yield 0.209¢
(69%), brownish, 1H NMR (300 MHz, DMSO-dg + TFA-D): 6 9.49 (s, 1H), 8.62 (s, 1H),
8.58 (d, /=9.3 Hz, 1H), 7.78 (d, /= 9.3 Hz, 1H), 7.59-7.33 (m, 3H), 7.30-7.27 (m, 2H),
3.90 (s, 2H), 13C NMR (75 MHz, DMSO-dg + TFA-D): 6 = 159.3, 149.0, 139.2, 138.2,
136.8, 136.6 (q, 3/= 5.3 Hz), 130.9, 129.5, 129.0, 127.3, 122.5 (q, 1/= 270 Hz), 119.6 (q, 2J
= 35.3 Hz), 118.1, 33.1. HRMS (ESI-FTMS Mass (m/z): C1gH12F3N,0 [M+H]calc =
305.0896, [M+H]expt = 305.0899.

3-Benzyl-7-bromo-9-methyl-2H-pyrido[1,2-a]pyrimidin-2-one (38)—Yield 0.237g
(72%), white, TH NMR (300 MHz, DMSO-dg): 6 8.43 (s, 1H), 8.11 (s, 1H), 7.72 (s, 1H),
7.28-7.26 (M, 4H), 7.22-7.16 (m, 1H), 3.71 (s, 2H), 1.98 (s, 3H), 13C NMR (75 MHz,
DMSO-dg): 6 = 167.3, 149.5, 138.9, 136.9, 136.7, 133.0, 131.9, 129.3, 128.7, 127.9, 126.7,
105.4, 34.0, 17.8. HRMS (ESI-FTMS Mass (m/z): C1gH14BrN,O [M+H]calc = 331.0264,
[M+H]expt = 331.0264.

3-Benzyl-9-bromo-7-methyl-2H-pyrido[1,2-a]pyrimidin-2-one (39)—Yield 0.223g
(68%), brownish, 1H NMR (300 MHz, DMSO-dg): & 8.10 (s, 1H), 8.07 (s, 1H), 7.29-7.28
(m, 5H), 7.23-7.20 (m, 1H), 3.73 (s, 2H), 1.98 (s, 3H), 13C NMR (75 MHz, DMSO-dg): & =
167.5, 147.2, 142.0, 138.9, 137.2, 131.8, 129.3, 128.7, 128.2, 126.7, 122.2, 116.3, 33.8,
17.0. HRMS (ESI-FTMS Mass (m/z): C1gH14BrN,O [M+H]calc = 331.0264, [M+H]expt =
331.0264.

9-Methyl-3-[(4-nitrophenyl)methyl]-2H-pyrido[1,2-a]pyrimidin-2-one (40)—Yield
0.191g (65%), light brown, IH NMR (300 MHz, DMSO-dg): & 8.34 (s, 1H), 8.15 (d, /= 8.5
Hz, 2H), 8.04 (d, J= 6.6 Hz, 1H), 7.58 (d, /= 8.6 Hz, 2H), 6.89 (t, /= 6.9 Hz, 1H), 3.88 (s,
2H), 2.28 (s, 3H), 13C NMR (75 MHz, DMSO-dg): 6 = 167.3, 150.9, 147.7, 146.5, 137.9,
134.8,132.4, 131.1, 130.5, 126.4, 123.8, 112.8, 34.0, 18.1. HRMS (ESI-FTMS Mass (m/z):
C16H14N303 [M+H]calc = 296.1030, [M+H]expt = 296.1032.

7-Methyl-3-[(4-nitrophenyl)methyl]-2H-pyrido[1,2-a]pyrimidin-2-one (41)—Yield
0.221g (75%), brownish, 1H NMR (300 MHz, DMSO-dg + CDCls): & 8.30 (s, 1H), 8.18 (d,
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J=11.7 Hz, 2H), 8.14 (s, 1H), 7.59-7.55 (m, 3H), 7.11 (d, /= 9.2 Hz, 1H), 3.87 (s, 2H),
2.21 (s, 3H), 13C NMR (75 MHz, DMSO-dg + CDCl3): 6 = 167.9, 150.3, 146.8, 146.5,
139.1, 136.7, 131.0, 130.2, 126.9, 123.6, 122.9, 122.8, 34.2, 17.4. HRMS (ESI-FTMS Mass
(m/z): C16H14N303 [M+H]calc = 296.1030, [M+H]expt = 296.1032.

7-Fluoro-3-(4-nitrobenzyl)-2H-pyrido[1,2-a]pyrimidin-2-one (42)—Yield 0.157g
(50%), light brown, 1H NMR (300 MHz, DMSO-dg + TFA-D): & 8.46 (t, J= 3.6 Hz, 1H),
8.19 (s, 1H), 8.17 (d, /= 8.4 Hz, 2H), 7.85 (dt, /= 2.5, 7.1 Hz, 1H), 7.57 (d, J= 8.4 Hz, 2H),
7.24 (dd, J= 5.5 Hz, 1H), 3.88 (s, 2H), 13C NMR (75 MHz, DMSO-dg + TFA-d): & = 154.1
(d, 1J=242.3 Hz), 147.0, 145.5, 145.2, 139.7, 134.8 (d, 2J= 23.5 Hz), 130.7, 129.9, 124.8,
124.3,124.0, 117.9 (d, 3J= 7.9 Hz), 32.8. HRMS (ESI-FTMS Mass (m/z): C15H11FN303
[M+H]calc = 300.0779, [M+H]expt = 300.0780.

7-Chloro-3-(4-nitrobenzyl)-2H-pyrido[1,2-a]pyrimidin-2-one (43)—Yield 0.154g
(49%), brownish, 1H NMR (300 MHz, DMSO-dg): & 8.48 (s, 1H), 8.18-8.15 (m, 3H), 7.75
(d, J=9.2 Hz, 1H), 7.57 (d, J= 8.2 Hz, 2H), 7.19 (d, J= 9.4 Hz, 1H), 3.87 (s, 2H), 13C
NMR (75 MHz, DMSO-dg): 6§ = 167.3, 149.9, 147.3, 146.6, 137.4, 137.1, 132.2, 130.6,
126.9, 124.4, 123.9, 118.9, 34.1. HRMS (ESI-FTMS Mass (m/z): C15H19CIN3O3 [M
+H]calc = 316.0483, [M+H]expt = 316.0485.

9-Bromo-3-[(4-nitrophenyl)methyl]-4H-pyrido[1,2-a]pyrimidin-4-one (44)—Yield
0.219g (61%), brownish, 1H NMR (300 MHz, DMSO-dg): 6 8.37 (s, 1H), 8.20 (d, /= 6.7
Hz, 1H), 8.16 (d, /= 8.4 Hz, 2H), 7.59 (d, /= 8.4 Hz, 2H), 6.87 (t, /= 7.2 Hz, 1H), 3.90 (s,
2H), 13C NMR (75 MHz, DMSO-dg): 6 = 167.3, 148.4, 147.4, 146.6, 139.7, 138.4, 134.6,
130.5, 126.8, 123.8, 116.8, 112.9, 33.8. HRMS (ESI-FTMS Mass (m/z): C15H10BrN3O3 [M
+H]calc = 361.9958[M+H]expt = 361.9960.

2-Methyl-3H-pyrimido[1,2-a]quinolin-3-one (45)—Yield 0.121g (54%), brown, 1H
NMR (300 MHz, DMSO-dg): 6 9.14 (s, 1H), 8.41 (d, J= 8.6 Hz, 1H), 8.06 (d, /= 9.4 Hz,
1Hz, 1H), 7.95 (d, J= 7.7 Hz, 1H), 7.80 (t, /= 7.3 Hz, 1H), 7.58 (t, /= 7.4 Hz, 1H), 7.13 (d,
J=9.4 Hz, 1H), 2.07 (s, 3H), 13C NMR (75 MHz, DMSO-dg): & = 169.0, 150.6, 136.9,
134.6, 132.0, 131.6, 130.0, 126.4, 123.3, 123.1, 123.1, 115.5, 14.7. HRMS (ESI-FTMS
Mass (m/z): C13H19BrN,O [M+H]calc = 211.0866, [M+H]expt = 211.0868.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Some representative pyridopyrimidinone bearing valuable compounds
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Figure2.
Conversion of 2-aminopyridine to pyridin-2(1H)-imine
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Scheme 1.
Standard free energies of reaction for Path A and Path B obtained using at M06-2X/6-31+

G(d,p) + PCM (solvent = 2,2,2-trifluoroethanol) level of theory. Note: Reaction solvent
(HFIP) is not listed in the Gaussian program list. This reaction also happens in
trifluoroethanol in moderate yield.
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Scheme 2.
Reaction of substituted 2-aminopyridines with a-hydroxymethyl acrylate
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Scheme 3.
Synthesis of benzyl substituted pyridopyrimidinones
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Synthesis of dihydropyrido-pyrimidinones using aza-Michael-cyclization strategy
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Synthesis of tricyclic pyrido-pyrimidinone derivative
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Correlation for 1H (400 MHz), 13C (100 MHz) and HMBC correlation data of compound 13 in CDCls.

Position & (JinHz) & HMBC (C —H)
1 - 169.5 H-10, H-3

2 - 1266 -

3 7.68 (3) 1345 H-4, H-10

4 750(d8) 1299 H-3,H-6

5 674(£8) 1126 H-4

6 739(d8) 1335 H-4,H-9

7 - 1333 H-5

8 - 151.2  H-9, H-6, H-4
9 2.49 (3) 182 H-6

10 220 (9) 149  H-3,H-20
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