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ABSTRACT: A regioselective Ag(I)-promoted Pd-catalyzed C3—H
activation—arylation of pyrido[1,2-a]pyrimidin-4-ones with bromo/
iodo-(hetero)arenes under aqueous conditions has been developed. It
affords an efficient access to pharmaceutically important versatile 3-aryl-
pyrido[1,2-a]pyrimidin-4-ones. Interestingly, the arylation undergoes via
a pathway with an unusual feature involving the formation of cationic
arylpalladium species promoted by halo-sequestering Ag salts enabling
concerted C3-palladation—deprotonation, as explored by relevant
experiments and spectroscopic studies. The present approach is step
economical, good yielding, and compatible with various functionalities

and applicable to a wide range of starting materials.

he N-fused bicyclic heterocycles' > have emerged as one

of the most important heterocyclic frameworks because of
their diverse applications in pharmaceuticals, agrochemicals,
and material sciences.”” In this family, pyrido[1,2-a]pyrimidin-
4-one is an interesting scaffold displaying versatile biological
activities,” "% such as CXCR3 antagonism,"’ MexAB-OprM-
specific efflux pump inhibition,'> acetylcholinesterase inhib-
ition,"> and HLE inhibition.'"* In particular, C3-arylated
pyrido[1,2-a]pyrimidin-4-ones are often found as a valuable
structural motif of a wide range of pharmaceutically active
compounds, such as endothelial cell dysfunction inhibitors,"
phosphoinositide 3-kinase inhibitors,'® CXCR3 antagonists,'"
and cell growth inhibitors (Figure 1).'” Also, they have been
reported as mesoionic pesticides.'® Pemirolast'’ is a marketed
anti-allergic drug belonging to this class.

Despite of enormous importance, surprisingly, a few
synthetic approaches to access C3-arylated pyrido[1,2-a]-
pyrimidin-4-ones have been documented so far (Figure 2).
Hermecz demonstrated an approach of classical intramolecular
trans-amidation of 2-phenyl substituted enamine ester.”’
However, in the approach, a competing N — C acyl migration
leading to formation of thermodynamically relatively more
stable 1,8-naphthridine as major side product and requirement
of harsh conditions and high heating were main limitations.
The method of [4 + 2] cycloaddition of chlorophenylketene
precursor with aminopyridine-derived imines providing 3-
phenyl-pyrido[1,2-a]pyrimidin-4-ones is poor yielding.”" In
approach of Suzuki-coupling reaction”” of C3-bromo/chloro
derivatives of pyridopyrimidinones with arene boronic acids,
the hydrodehalogenation reaction was found to compete to a
significant extent. In addition, the coupling required a longer
time up to 4 days and the use of a specific Pd—ligand complex
as catalyst. The relative lower reactivity of C3-chloro/bromo
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Figure 1. A representative examples of drugs/agents that possess 3-
aryl-pyrido[1,2-a]-pyrimidin-4-one motif.

derivatives of pyridopyrimidinone has been overcome later by
using 3-iodo derivatives,”® but the microwave irradiation for
considerably longer time (2 h) was mandatory.

Remarkably, the pyrido[1,2-a]pyrimidin-4-one skeleton is
known to possess several unusual chemical characteristics.
Pyrido[1,2-a]pyrimidinones undergo thermal rearrangement
via carbonyl ketene intermediates,”* decomposition into
aminopyridines in the harsh treatment with acids or bases,”
and nucleophilic ring opening.”>*® These susceptibility features
of the skeleton are obviously the impeding factors for
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Figure 2. Reported approaches and the present route.

convenient preparation/derivatization of this class of com-
pounds.

The direct arylation via C—H bond activation has
significantly grown in the past decade and become one of the
most widely explored reactions by the organic chemists.”’
These reactions are featured with instinct attractive qualities, a
nonrequirement of prefunctionalization of arenes, avoidance of
preparing organometallic coupling partners, atom-economical,
and production of less waste. In this area, of the particular
interest is the development of approach accommodatm%
unexplored valuable heteroarenes as C—H partners.”*™>
Recently, Pd-catalyzed regioselective direct arylations have
been documented for pharmaceutically important numerous N-
fused heterocyclic motifs, for example, imidazo[1,2-a]-
pyridines,31 indolizines,** pyrazolo[1,5-a][1,3,5]triazin-4(3H)-
ones,”” imidazo[1,2-a]pyrazines,” and imidazo[1,2-b]-
pyridazines.”® These structural aryl-modulations of N-fused
bicycles have been found useful in the discovery of new potent
bioactive agents.’>*” To the best of our knowledge, pyrido[1,2-

a]pyrimidin-4-one, a privileged skeleton, has not been
investigated yet for C—H bond functionalization-arylation. In
the course of our continuous research on convenient and
diversity feasible syntheses of pharmaceutically promising
heterocyclic compounds, we were interested in the preparation
of 3-aryl-pyrido[1,2-a]pyrimidin-4-ones. Herein, we report a
Pd-catalyzed Ag(I)-promoted C3—H activation—arylation of
pyrido[1,2-a]pyrimidin-4-one in aqueous cosolvent, affording a
novel route to conveniently access versatile 3-aryl-pyrido[1,2-
a]pyrimidin-4-ones. The mechanism involving a distinctive
feature has been explored with relevant studies.

At the outset, the C3-arylation reactions of pyrido[1,2-

alpyrimidin-4-one following various Pd- and Cu-catalytic
methods**** developed for arylation of structurally related
heterocycles with arene electrophiles (haloarenes and arene
boronic acids) and a radical-based direct arylation** protocol
were tried. However, the desired C3-arylated product was
obtained in not more than 24% yield. Variation in reagents/
conditions also could not improve the yield. Next, following
our previously reported Pd-catalyzed method for direct
arylation of imidazo[1,2-a]pyrazines with boromoarenes, a
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reaction of pyrido[1,2-a]pyrimidin-4-one with bromobenzene
was performed.”* The desired product was obtained in 13%
yield only. Further studies with variation of the reagents/
conditions of Pd-catalyzed method revealed that the use of
cesium carbonate, (‘Bu),PMe-HBF, and PivOH, gave the
desired product in 26% yield. It also indicated that the use of
pivalic acid is indispensable for this transformation. Therefore,
subsequent evaluations were done using PivOH. The key
results are summerized in the Table 1. The study of various

Table 1. Screening of Solvents, Ligands, Bases, And
Additives”

N

= Nz N
SN | * ,-Ph Reaction conditions? = N7 |
H Br SN
0 Ph
(6]
no. variable temp (°C) time (h) yield (%)®

Pd(OAc), (10 mol %), Cs,COj5 (3 equiv), PivOH (30 mol %), (‘Bu),PMe-
HBEF, (20 mol %), solvent (2 mL)

1 DMF 110 48 24
2 DMA 110 2 8
3 NMP 110 2 10
4 MeCN 80 48 trace
S toluene 110 35
6 1,4-dioxane 110 26
7 THEF 80 24 trace
8 PEG-400 110 6 trace

Pd(OAc), (10 mol %), Cs,CO; (3 equiv), PivOH (30 mol %), ligand (20
mol %), toluene

9 BINAP 110 6 10
10 Xantphos 110 6 12
11 DavePhos 110 6 8
12 DPPM 110 6 15
13 DPPP 110 6 11
14 (o-tol),P 110 12 33
15 (Cy),P 110 12 42
16 - 110 12 NR
17 Pd(PPh,), 110 24 12

Pd(OAc), (10 mol %), (Cy);P (20 mol %), PivOH (30 mol %), base (3
equiv), toluene

18 K,CO, 110 20 48
19 Na,CO, 110 20 15
20 KO'Bu 110 20 NR

Pd(OAc), (10 mol %), (Cy);P (20 mol %), K,CO; (3 equiv), PivOH (30
mol %), Ag-salt (1 equiv), toluene

21 AgOTf 110 20 65
22 AgOAc 110 20 61
23 Ag,0 110 20 25
24 Ag,CO;, 110 20 68

“Substrates, reagents and conditions: Pyridopyrimidine-4-one (0.5
mmol), PhBr (2 equiv). “Yield for maximum conversion in optimum
time. “Pd(OAc), was not used.

solvents ranging from weakly polar to polar aprotic or polar
weakly protic showed a significant effect on the reaction
(entries 1—8). In polar aprotic or weakly protic solvents (DMA,
NMP, and PEG-400), the reaction completed within 2 h, but
the side reactions were considerably high. When moderately
polar solvents (acetonitrile and THF) were used, trace reaction
conversions were observed. The side reactions were found to
be little as a weakly polar solvent toluene was used, although
the desired product was obtained in 35% vyield due to
incomplete conversion.
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We then looked for evaluating different mono- and bidentate
ligands (entries 9—15). Among the ligands tested, monodentate
ligands were proved to be better, and tricyclohexylphosphine
was the best, providing 42% yield. In the absence of a ligand,
the reaction did not take place. Use of a Pd(0) catalyst
precursor, Pd(PPh;), lowered the yield. In screening of bases,
potassium carbonate was found to be more effective.

Fortunately, a significant improvement in the yield (65%) of
the product was obtained by addition of a silver salt, AgOTL.
This prompted us to investigate various silver salts (Table 1,
entries 21—24). Silver carbonate was found to be the best (68%
yield). When the reaction was performed in aqueous cosolvent
(toluene-H,0, 3:1) and with 1 equiv of pivalic acid, the yield
enhanced to 72%. The reaction without pivalic acid provided
virtually no arylation, indicating pivalate anion is necessary for
this arylation.

With the developed protocol, we next investigated its
generality toward generation of 3-aryl-pyrido[1,2-a]pyrimidin-
4-ones with substitutions/functionalities diversities (Table 2).
We were pleased to find that the protocol was flexible for
versatile pyrido[1,2-a]pyrimidinones and bromoarenes, and the
products were obtained in good yields. Bromoarenes bearing
electron-withdrawing as well as electron-donating substituents
and heteroaryl bromides were compatible. Unfortunately, the
reaction did not work with pyridopyrimidinones with C2-
substitutions, such as phenyl and methyl moieties. The reaction
method also was found to be nonflexible to enable the arylation
of 4H-pyrazino[1,2-a]pyrimidin-4-one. Gratifyingly, the func-
tional groups like formyl, acetyl, benzyloxy, and dioxo-
methylene were tolerated under the reaction conditions. This
provides an opportunity of their further derivatization toward
preparation of products with elaborate substitution patterns.
Importantly, the method did not produce any of regio-isomeric
arylated and poly arylated products. The products that are
known to be generated from ring opening/rearrangement/
degradation of the skeleton did not form in the present
method, as indicated by mass spectrometry of crude mixtures of
several reactions. There was no oxidative homocoupling of
pyridopyrimidinone, and the homocoupling of bromo-arenes
occurred in traces for some cases. Iodobenzene provided a
product yield (63%) as similar as that obtained using
bromoarenes, while chlorobenzene was found to be nearly
nonreactive. Aromatic alcohol derivatives, phenyl tosylate and
phenyl triflate, were less reactive (7—12% yields). The reaction
performed at 2 mmol scale did not cause a considerable
decrease in the yield of the product.

We were then interested to gain knowledge inside the
possible mechanism. The electronically varied substituents
linked to bromoarenes showed nonsignificant influence on the
reaction rate and yields, which ruled out the possibility of
eletrophilic aromatic palladation (SgAr) in the arylation. The
Heck-type pathway would promote C2-arylation of pyrido[1,2-
a]pyrimidinone due to more electron-rich at C3 of the nucleus.
The presence of pivalate was found mandatory for the reaction.
The observation is in accordance with the Pd-catalyzed C—H
functionalization—arylation that occurs via concerted metal-
ation deprotonation (CMD) pathway.”'~* The ESI-MS (see
SI) of three sets of reactions of pyridopyrimidinone with 4-
bromotoluene, pyridopyrimidinone with 4-bromoanisole, and
7-methylpyridopyrimidinone with 4-bromobenzene suggested
the formation of CMD transition state (Figure 3, TS C). IR
studies of crude reaction mixtures obtained after intermediate
times (2, 6, 10 h) were done, and no shift in C=0 stretching
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Table 2. Synthesis of 3-Arylpyridopyrimidinone”

/Ar
N Br
= - 7 N
rR-L | + 2 ArBr (2 eq), Pd(OAc); (10 mol %) R /\(/ |
PCys3 (20 mol %), PivOH (1 e T
\/N " Y3 ( o) (1eq) \/N
AgzCO; (1 q), KoCO; (3 eq), Ar
1 (o) Toluene:H,O (3:1), 110 °C, under Ar 3a-u le}
= /N | = /N | = /N |
N N N
o °© Cl °© F
3a, 72%" 3b, 70% 3¢, 75%
s | A | NN |
N Fx N N
o [¢] CF o
3d, 71% 3e, 68% s 3f, 73% OCFs
2 /N | = /N | = /N
N N N
o) 0 0 "
39,67% COMe  3n 71% CHO 3i, 64% e
=z /N | =z /N | = /N ‘
N N OMe XN OMe
o o O
3j, 72% OMe 3 70% 31, 69% OMe
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N OMe &\ _N | o0 XX N OMe
© ° o> OMe
3m, 65% 3n, 70% 30, 65%
OMe OMe
= /N |
N
g
3p, 62%
2 /N |
N
Me’ X Ph
(0]
3s,71%

3t, 64% 3u, 54%

“Substrates, reagents and condtions: Pyridopyrimidine-4-one (0.5
mmol), ArBr (2 equiv), Pd(OAc), (10 mol %), PCy; (20 mol %),
PivOH (1 equiv), Ag,CO; (1 equiv), K,CO4 (3 equiv), toluene:water
(3:1, 2 mL), 110 °C. Yield for maximum conversion in optimum
time.
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frequency (1693 cm™") was observed (SI, spectra), indicating
noninvolvement of C=O oxygen or z-bond chelation to Pd for
C3-palladation or stabilization of TS.**”** The present reaction
required stoichiometric Ag-salts, preferentially Ag,COj;. On the
other hand, the reactions in the presence of oxidizing agents
commonly used for Pd(I1)—Pd(0) catalysis, such as PhI(OAc),,
Cu(OAc),, or K,S,0s, provided traces or no arylation product.
Therefore, in this case, Ag,COj; plays not as oxidizing agent but
as halogen scavenger, an important function in the generation
of cationic arylpalladium species. The formation of such highly
reactive cationic species has been essential for reacting with
pyridopyrimidinone in the presence of pivalate anion to enable
C—H activation and C-palladation via construction of CMD
TS. This is also supported by the fact that both of bromo- and
iodo-arene required Ag,CO; and were found to be similarly
reactive arylating agents, although the poisoning® of Pd-
catalyst is known to occur by iodide only. Based on these
characteristics of the present reaction, a plausible mechanism is
outlined (Figure 3). It involves the oxidative addition of ArBr
to Pd(0), silver-promoted generation of cationic arylpalladium
species, formation of CMD TS, and reductive elimination
providing arylation product and regeneration of Pd(0).

In conclusion, we have developed for the first time a
regioselective Pd-catalyzed Ag(I)-assisted direct C3—H activa-
tion—arylation of pyrido[1,2-a]pyrimidin-4-ones with bromo/
iodo-(hetero)arenes en route to biologically relevant versatile 3-
aryl-pyrido[ 1,2-a]pyrimidin-4-ones. Remarkably, the protocol is
step-economical, general for various coupling partners, devoid
of usual side reactions, overcomes the known difficulties due to
skeleton susceptibility, and effective for preparing products in
good yields under aqueous conditions, which are common
limitations of the reported methods. Interestingly, in this direct
arylation, the formation of cationic arylpalladium species
assisted by Ag,COj; as halo-sequestering agent was found to
be essential for reaction with pyridopyrimidinone in the
presence of pivalate anion and for promoting the C3-
palladation—deprotonation; an unusual feature for CMD-
based arylations and important for studying new reactions.
This work is resourceful for expanded application of aryl-
pyridopyrimidinones and will encourage for investigation of
heteroarenes unexplored yet for C—H activation—arylation.

B EXPERIMENTAL SECTION

General Information. Infrared (IR) spectra were recorded on a
FTIR with ATR & IR Microscope spectrometer. 'H NMR spectra
were measured on a 400 MHz spectrometer. Data were reported as
follows: chemical shifts in ppm from tetramethylsilane as an internal
standard in CDCl;/CD;0D/DMSO-dg integration, multiplicity (s =
singlet, d = doublet, t = triplet, q = quartet, m = multiplet, td = triplet
of doublet, dt = doublet of triplet, ddd = doublet of doublet of doublet,
br = broad), and coupling constants (Hz). *C NMR spectra were
measured on a 100 MHz spectrometer with complete proton
decoupling. Chemical shifts were reported in ppm from the residual
solvent as an internal standard. High-resolution mass spectra (HRMS)
were performed on a high-resolution LCMS/MS instrument with “Q-
TOF” mass analyzer. For thin-layer chromatography (TLC) analysis
throughout this work, commerical supplier precoated TLC plates
(silica gel 60 GF254, 0.25 mm) were used. The products were purified
by column chromatography silica gel 60—120 (silica gel 60—120 mesh,
neutral, spherical).

The starting materials and solvents were used as received from
commercial suppliers without further purification.

General Experimental Procedure for Direct C3-Arylation of
Pyrido[1,2-alpyrimidinones. Pyridopyrimidinone (0.5 mmol),
K,CO; (1.5 mmol, 207 mg, 3 equiv), Ag,CO; (0.5 mmol, 137 mg,
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1 equiv), PCy; (0.1 mmol, 28 mg, 0.2 equiv), and Pd(OAc), (0.0S
mmol, 11 mg, 0.1 equiv) were weighed in air to a sealed tube equipped
with magnetic stirring bar. PivOH (0.5 mmol, 0.06 mL, 1 equiv) and
bromoarene (1 mmol, 2 equiv) were added to the tube. The tube was
purged with argon, and toluene (1.5 mL) and water (0.5 mL) were
added to the resultant mixture. The mixture was heated at 110 °C for
18—24 h until complete consumption of the substrate as indicated by
TLC. It was then cooled to rt and concenterated under reduced
pressure. The mixture was extracted with EtOAc (2 X SO mL) and
washed with 10% aqueous ammonia solution (3 X 20 mL). The
combined organic solution was washed with water (2 X S mL) and
brine (1 X § mL), dried with anhyd. Na,SO,, and concentrated under
reduced pressure. The column chromatographic purification of crude
mass was performed on silica gel partially deacidified by passing
triethylamine (1—2 mL) using EtOAc-hexane (25—40%) as eluting
solvent to afford the arylated products (3a—3u).
3-Phenyl-4H-pyrido[1,2-aJpyrimidin-4-one* (3a). Yellow crystal-
line solid, 80 mg, 72%, mp 167—169 °C; 'H NMR (400 MHpg,
CDCL,): 6920 (d, J = 7.1 Hz, 1H), 8.55 (s, 1H), 7.80 (d, ] = 7.1 Hz,
2H), (m, 2H), 7.76—7.72 (m, 1H), 7.69 (d, ] = 8.3 Hz, 1H), 7.46 (dd,
J =78 Hz, ] = 7.4 Hz, 2H), 7.36 (t, ] = 6.7 Hz, 1H), 7.19 (dt, J = 7.2
Hz, ] = 1.6 Hz, 1H) ppm; *C{'H}NMR (100 MHz, CDCl,): § 156.8,
1529, 150.7, 135.7, 134.3, 128.5, 127.8, 127.7, 126.5, 117.0, 115.9
ppm; IR: v, 3136, 1668, 1630, 1494 cm™'; HRMS (ESI) m/z: calcd
for C,,;H,N,O [M + H]* 223.0871, found: 223.0864.
3-(4-Chlorophenyl)-4H-pyrido[1,2-alpyrimidin-4-one (3b). Yellow
solid, 89 mg, 70%, mp 198—200 °C; 'H NMR (400 MHz, CDCl,): §
920 (ddd, J = 7.2 Hz, ] = 1.5 Hz, ] = 0.8 Hz, 1H), 8.54 (s, 1H), 7.80—
7.73 (m, 3H), 7.71 (ddd, ] = 8.9 Hz, ] = 1.4 Hz, ] = 0.8 Hz, 1H), 7.43
(d, J = 8.7 Hz, 2H), 7.23 (dt, ] = 72 Hz, ] = 1.5 Hz, 1H) ppm;
BC{'HINMR (100 MHz, CDCL,): § 156.6, 152.8, 150.8, 135.9, 133.7,
132.7, 129.7, 128.7, 127.7, 126.6, 116.1, 115.8 ppm; IR: v, 3136,
1668, 1630, 1494, 764 cm™'; HRMS (ESI) m/z: calcd for
C.4H,,CIN,O [M(*Cl) + H]* 257.0481, found: 257.0474.
3-(4-Fluorophenyl)-4H-pyrido[1,2-alpyrimidin-4-one (3c). Yellow
solid, 102 mg, 75%, mp >200 °C; 'H NMR (400 MHz, CDCL,): §
9.19 (ddd, J = 7.1 Hz, ] = 1.4 Hz, ] = 0.8 Hz, 1H), 8.52 (s, 1H), 7.80—
7.74 (m, 3H), 7.70 (ddd, ] = 8.9 Hz, ] = 1.4 Hz, ] = 0.8 Hz, 1H), 7.21
(dt, J = 72 Hz, ] = 1.6 Hz, 1H), 7.15 (t, ] = 8.8 Hz, 2H) ppmy;
BC{*H}NMR (100 MHz, CDCL,): § 162.4 (d, Jo_g = 246 Hz), 156.8,
152.7,150.7, 135.7, 130.23 (d, Jo_c_c_r = 8 Hz), 130.23, 127.7, 126.6,
116.1, 1159, 115.5 (d, Jo_c_r = 21 Hz) ppm; IR: v, 2924, 1672,
1634, 1484, 1298 cm™'; HRMS (ESI) m/z: caled for C,,H,(FN,O [M
+ H]* 241.0777, found: 241.0774.
3-(3-Fluorophenyl)-4H-pyrido[1,2-alpyrimidin-4-one (3d). Light-
yellow solid, 85 mg, 71%, mp 170—172 °C; 'H NMR (400 MHz,
CDCly): §9.21 (ddd, J = 7.2 Hz, ] = 1.4 Hz, ] = 0.7 Hz, 1H), 8.56 (s,
1H), 7.78 (dt, ] = 6.6 Hz, ] = 1.6 Hz, 1H), 7.71 (ddd, J = 8.8 Hz, ] =
1.2 Hz, ] = 0.8 Hz, 1H), 7.61-7.55 (m, 2H), 7.44—7.40 (m, 1H), 7.23
(dt,J=7.1Hz, J=1.5Hz, 1H), 7.15 (ddd, ] = 8.4 Hz, J = 2.6 Hz, ] =
0.9 Hz, 1H) ppm; *C{'H}NMR (100 MHz, CDCl,): § 162.8 (d, Jo_r
= 244 Hz), 156.6, 153.1, 150.9, 1364 (d, Je_c_c_y = 9 Hz), 136.1,
129.9 (d, Je—c—c—r = 8 Hz), 127.8, 126.6, 123.9 (d, Jc_c_c—c—r = 3
Hz), 116.1, 115.5 (d, Jo_c_p = 23 Hz), 114.6 (d, Jo_c_p = 21 Hz)
ppm; IR: v, 3136, 3057, 1675, 1628, 1476, 1293 cm™; HRMS (ESI)
m/z: caled for C,H,(FN,O [M + HJ]* 241.0777, found: 241.0767.
3-(4-(Trifluoromethyl)phenyl)-4H-pyrido[1,2-alpyrimidin-4-one*?
(3e). Light-yellow solid, 98 mg, 68%, mp >200 °C; 'H NMR (400
MHz, CDCL): § 9.22 (ddd, ] = 7.2 Hz, ] = 1.4 Hz, ] = 0.8 Hz, 1H),
8.58 (s, 1H), 7.94 (d, J = 8.1 Hz, 2H), 7.82 (dt, ] = 6.6 Hz, ] = 1.5 Hz,
1H), 7.74=7.70 (m, 3H), 7.27—7.23 (m, 1H) ppm; “C{'H}NMR
(100 MHz, CDCly): 6 156.6, 153.3, 151.1, 137.9, 136.4, 129.6 (q,
Je—c_p = 32 Hz), 128.6, 127.8, 126.6, 1254 (q, Je_c_c_r = 4 Hz),
124.2 (q, Jog = 270 Hz), 116.3, 115.4 ppm; IR: v, 3108, 1666, 1633,
1492, 1102, 1071 cm™'; HRMS (ESI) m/z: caled for C,sH,oF;N,0O [M
+ H]* 291.074S, found: 291.0745.
3-(4-(Trifluoromethoxy)phenyl)-4H-pyrido[ 1,2-a]pyrimidin-4-one
(3f). Light-yellow solid, 111 mg, 73%, mp 175—177 °C; 'H NMR (400
MHz, CDCL,): 6 921 (ddd, J = 7.2 Hz, ] = 1.4 Hz, ] = 0.8 Hz, 1H),
8.55 (s, 1H), 7.84 (d, J = 8.8 Hz, 2H), 7.79 (ddd, ] = 8.9 Hz, ] = 6.5

DOI: 10.1021/acs.joc.5b01573
J. Org. Chem. 2015, 80, 8482—8488


http://pubs.acs.org/doi/suppl/10.1021/acs.joc.5b01573/suppl_file/jo5b01573_si_001.pdf
http://dx.doi.org/10.1021/acs.joc.5b01573

The Journal of Organic Chemistry

Hz, ] = 1.5 Hz, 1H), 7.71 (dd, ] = 8.8 Hz, ] = 0.8 Hz, 1H), 7.31 (d, ] =
8.8 Hz, 2H), 7.24 (dt, ] = 7.1 Hz, ] = 1.5 Hz, 1H) ppm; BC{'H}NMR
(100 MHz, CDCL,): § 156.7, 152.9, 150.9, 148.7, (d, Jo_o-c—r = 2
Hz), 136.0, 133.0, 129.9, 127.7, 126.6, 121.0, 120.5 (q, Jc_r = 256 Hz),
116.1, 115.6 ppm; IR: v,,,. 3108, 1669, 1632, 1497, 1295, 1203, 1146
cm™"; HRMS (ESI) m/z: caled for C,sH,,F5N,0, [M + H]* 307.0694,
found: 307.0688.
3-(4-Acetylphenyl)-4H-pyrido[1,2-aJpyrimidin-4-one (3g). Light-
yellow solid, 88 mg, 67%, mp >200 °C; '"H NMR (400 MHz, CDCL,):
5923 (ddd, J = 7.1 Hz, ] = 1.4 Hz, ] = 0.7 Hz, 1H), 8.61 (s, 1H), 8.05
(d, J = 8.6 Hz, 2H), 7.94 (d, ] = 8.6 Hz, 2H), 7.84—7.79 (m, 1H), 7.73
(d, ] = 88 Hz, 1H), 7.28—-7.24 (m, 1H), 2.65 (s, 3H) ppm;
BC{'H}NMR (100 MHz, CDCL,): § 197.7, 156.5, 153.4, 151.1, 139.2,
1364, 136.0, 128.6, 1284, 127.8, 126.7, 116.3, 115.6, 26.7 ppm; IR:
Umae 3073, 1672, 1630, 1491 cm™; HRMS (ESI) m/z: caled for
Ci6H;5N,0, [M + H]* 265.0977, found: 265.0973.
3-(4-Formylphenyl)-4H-pyrido[1,2-alpyrimidin-4-one (3h). Yellow
crystalline solid, 88 mg, 71%, mp 165—167 °C; 'H NMR (400 MHz,
CDCly): 6 10.05 (s, 1H), 9.24 (d, ] = 6.9 Hz, 1H), 8.63 (s, 1H), 8.02
(d, J = 8.3 Hz, 2H), 7.97 (d, ] = 8.4 Hz, 2H), 7.85—7.81 (m, 1H), 7.75
(d, ] = 8.8 Hz, 1H), 7.27 (ddd, ] = 8.3 Hz, ] = 6.8 Hz, ] = 1.2 Hz, 1H)
ppm; BC{'H}NMR (100 MHz, CDCl,): § 191.9, 156.5, 153.5, 151.2,
140.7, 136.6, 135.3, 129.9, 128.8, 127.9, 126.7, 116.4, 115.3 ppm; IR:
Unax 3047, 2835, 2733, 1694, 1668, 1632, 1484 cm™'; HRMS (ESI) m/
z: caled for C;sH;;N,O, [M + H]* 251.0820, found: 251.0818.
3-(4-Methylphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (3i). Yellow
crystals, 75 mg, 64% yield, mp 142—144 °C; 'H NMR (400 MHz,
CDCly): §9.19 (ddd, ] = 7.2 Hz, ] = 1.4 Hz, ] = 0.8 Hz, 1H), 8.54 (s,
1H), 7.74—7.66 (m, 4H), 7.27 (d, ] = 7.9 Hz, 2H), 7.20-7.16 (m,
1H), 2.40 (s, 3H) ppm; BC{'H}NMR (100 MHz, CDCl,): 5 156.8,
152.6, 150.5, 137.7, 135.4, 131.3, 129.2, 128.4, 127.7, 126.5, 117.1,
115.7, 21.3 ppm; IR: v, 3136, 3027, 2920, 1668, 1630, 1485 cm™;
HRMS (ESI) m/z: calcd for C;sH;3N,O [M + H]* 237.1028, found:
237.1022.
3-(4-Methoxyphenyl)-4H-pyrido[1,2-alpyrimidin-4-one®* (3j).
Yellow crystals, 90 mg, 72% yield, mp 142—144 °C; 'H NMR (400
MHz, CDCl,): § 9.18 (dd, ] = 7.2 Hz, ] = 1.1 Hz, 1H), 8.52 (s, 1H),
7.75 (d, J = 8.8 Hz, 2H), 7.73—7.69 (m, 1H), 7.67 (ddd, J = 8.9 Hz, ] =
1.5 Hz, ] = 0.8 Hz, 1H), 7.19—7.15 (m, 1H), 7.00 (d, J = 8.8 Hz, 2H),
3.85 (s, 3H) ppm; PC{'H}NMR (100 MHz, CDCl,): § 159.3, 156.9,
152.2, 150.3, 135.3, 129.7, 127.6, 126.6, 126.5, 116.9, 115.7, 114.0, 55.4
ppmy; IR: v, 2955, 2924, 1674, 1632, 1482, 1245, 1179 cm™"; HRMS
(ESI) m/z: caled for C;sH;3N,0, [M + HJ]* 253.0977, found:
253.0974.
3-(3-Methoxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (3k). Yel-
low solid, 88 mg, 70% yield, mp 130—132 °C; 'H NMR (400 MHz,
CDCly): §9.18 (d, J = 7.2 Hz, 1H), 8.56 (d, ] = 1.6 Hz, 1H), 7.75 (dt,
] = 6.6 Hz, ] = 1.5 Hz, 1H), 7.69 (d, J = 8.9 Hz, 1H), 7.40—7.35 (m,
3H), 7.19 (dt, ] = 6.5 Hz, ] = 1.5 Hz, 1H), 6.93—6.90 (m, 1H), 3.86 (s,
3H); BC{"H}NMR (100 MHz, CDCl,): § 159.6, 156.7, 153.0, 150.7,
135.7, 135.6, 129.5, 127.7, 126.5, 120.9, 116.8, 115.9, 114.1, 113.6, 55.3
ppm; IR: v, 3080, 2937, 1674, 1497, 1282, 1041 cm™; HRMS (ESI)
m/z: caled for C;sH3N,0, [M + H]* 253.0977, found: 253.0971.
3-(3,4-Dimethoxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (3l).
Yellow solid, 97 mg, 69% yield, mp 155—157 °C; 'H NMR (400
MHz, CDCly): § 9.19 (d, J = 7.1 Hz, 1H), 8.55 (s, 1H), 7.74 (dt, ] =
64 Hz, J = 1.5 Hz, 1H), 7.69 (dd, ] = 8.8 Hz, ] = 0.6 Hz, 1H), 7.47 (d,
J=2Hz, 1H),7.32 (dd, J = 8.3 Hz, ] = 2 Hz, 1H), 7.19 (dt, ] = 7.3 Hz,
] = 1.6 Hz, 1H), 6.97 (d, ] = 8.4 Hz, 1H), 3.96 (s, 3H), 3.93 (s, 3H)
ppm; BC{'H}NMR (100 MHz, CDCl,): § 156.9, 152.4, 150.3, 148.9,
148.8, 135.3, 127.5, 126.9, 126.5, 120.9, 116.8, 115.8, 111.9, 111.3, 55.9
ppm; IR: v, 2956, 1672, 1630, 1479, 1277, 1024 cm™; HRMS (ESI)
m/z: caled for C;gH sN,O; [M + H]* 283.1082, found: 283.1078.
3-(3,5-Dimethoxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one (3m).
Yellow solid, 91 mg, 65% yield, mp 135—137 °C; 'H NMR (400 MHg,
CDCL): 69.19 (ddd, J = 7.2 Hz, ] = 1.3 Hz, ] = 0.8 Hz, 1H), 8.56 (s,
1H), 7.76 (ddd, J = 8.9 Hz, ] = 6.5 Hz, ] = 1.6 Hz, 1H), 7.69 (ddd, ] =
89 Hz J=13Hz J=08Hz 1H),7.20 (ddd, J = 7.1 Hz, ] = 6.5 Hz, |
= 1.5 Hz, 1H), 6.97 (d, ] = 2.3 Hz, 2H), 6.49 (t, ] = 2.3 Hz, 1H), 3.85
(s, 6H) ppm; BC{'H}NMR (100 MHz, CDCL): § 160.8, 156.6,
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153.0, 150.7, 136.2, 135.8, 127.7, 126.5, 116.8, 115.9, 106.7, 100.2, 55.4
ppm; IR: v, 2936, 1681, 1632, 1485, 1158, 1046 cm™; HRMS (ESI)
m/z: caled for C;¢H;sN,O5 [M + H]* 283.1082, found: 283.1077.
3-(Benzo[d][1,3]dioxol-5-yl)-4H-pyrido[1,2-a]pyrimidin-4-one
(3n). Yellow solid, 93 mg, 70%, mp >200 °C; 'H NMR (400 MHz,
CDCly): § 9.19 (dd, ] = 7.2 Hz, ] = 0.4 Hz, 1H), 8.49 (s, 1H), 7.74
(ddd, J = 8.9 Hz, ] = 6.4 Hz, ] = 1.5 Hz, 1H), 7.68 (d, ] = 8.3 Hz, 1H),
7.34 (d, ] = 1.7 Hz, 1H), 7.24 (dd, ] = 8.1 Hz, ] = 1.7 Hz, 1H), 7.19
(dt,J=7.2 Hz, J = 1.6 Hz, 1H), 6.91 (d, J = 8.1 Hz, 1H), 6.00 (s, 2H)
ppm; PC{'H}NMR (100 MHz, CDCl;): § 156.8, 152.4, 150.4, 147.8,
147.4, 135.4, 128.1, 127.6, 126.5, 122.3, 116.9, 115.8, 109.1, 108.5,
101.2 ppm; IR: v, 3029, 2905, 1677, 1633, 1498, 1448, 1251, 1035
cm™'; HRMS (ESI) m/z: caled for C,sH;;N,O5 [M + H]* 267.0769,
found: 267.0768.
3-(3,4,5-Trimethoxyphenyl)-4H-pyrido[1,2-a]pyrimidin-4-one
(30). Yellow solid, 101 mg, 65%, mp 170—172 °C; 'H NMR (400
MHz, CDCL): § 9.19 (ddd, J = 7.1 Hz, ] = 1.5 Hz, ] = 0.8 Hz, 1H),
8.56 (s, 1H), 7.76 (ddd, ] = 8.9 Hz, ] = 6.4 Hz, ] = 1.5 Hz, 1H), 7.71
(ddd, J=89Hz J=15Hz, J=0.8 Hz, 1H), 7.22 (ddd, J= 80 Hz, ] =
6.5 Hz, ] = 1.6 Hz, 1H), 7.0S (s, 2H), 3.93 (s, 6H), 3.90 (s, 3H) ppm;
BC{'H}NMR (100 MHz, CDCL,): § 156.8, 153.2, 152.7, 150.6, 137.9,
135.7, 129.8, 127.6, 126.9, 116.9, 115.9, 105.9, 60.9, 56.2 ppm; IR: v,
2996, 1666, 1632, 1485, 1246, 1120 cm™'; HRMS (ESI) m/z: caled for
C;H;,N,0, [M + H]* 313.1188, found: 313.1184.
3-(Naphthalen-1-yl)-4H-pyrido[1,2-alpyrimidin-4-one (3p). Yel-
low solid, 87 mg, 62% yield, mp 123—125 °C; '"H NMR (400 MHz,
CDCly): 6 9.21 (d, J = 7.1 Hz, 1H), 8.49 (s, 1H), 7.94—7.90 (m, 2H),
7.82—7.74 (m, 3H), 7.58—7.43 (m, 4H), 7.22 (dt, ] = 72 Hz, ] = 1.9
Hz, 1H) ppm; “C{’'H}NMR (100 MHz, CDCl,): § 157.1, 154.9,
151.3, 136.0, 133.8, 132.1, 132.0, 128.9, 128.5, 128.4, 127.9, 126.6,
1262, 1259, 125.6, 125.5, 117.1, 1159 ppm; IR: v,,,, 3036, 2926,
1678, 1638, 1483 cm™'; HRMS (ESI) m/z: caled for CH,;5N,0 [M +
H]* 273.1028, found: 273.1025.
3-(Pyridin-3-yl)-4H-pyrido[1,2-a]pyrimidin-4-one (3q). Yellow
solid, 73 mg, 66%, mp 170—172 °C; '"H NMR (400 MHz, CDCl,):
5921 (ddd, J=7.2Hz, ] = 1.4 Hz, ] = 0.8 Hz, 1H), 8.97 (dd, ] = 2.2
Hz, ] = 0.6 Hz, 1H), 8.60 (dd, J = 4.8 Hz, ] = 1.6 Hz, 1H), 8.59 (s,
1H), 8.22 (ddd, J = 7.9 Hz, ] = 2.2 Hz, ] = 1.7 Hz, 1H), 7.82 (ddd, ] =
8.8 Hz, ] = 6.6 Hz, ] = 1.5 Hz, 1H), 7.74 (ddd, J = 8.8 Hz, ] = 1.4 Hz, |
= 0.8 Hz, 1H), 7.40 (ddd, ] = 7.9 Hz, ] = 4.8 Hz, ] = 0.7 Hz, 1H),
7.28—7.24 (m, 1H) ppm; “C{'H}NMR (100 MHz, CDCl,): § 156.7,
152.9, 151.1, 149.0, 148.7, 136.4, 135.9, 130.3, 127.7, 126.7, 123.3,
116.3, 113.7 ppm; IR: v,,,, 3115, 1682, 1632, 1573, 1503 cm™'; HRMS
(BESI) m/z: caled for C;3H;(N;O [M + H]* 224.0824, found:
224.0819.
3-(Pyridin-2-yl)-4H-pyrido[1,2-alpyrimidin-4-one (3r). Yellow
solid, 68 mg, 61%, mp 160—162 °C; '"H NMR (400 MHz, CDCL,):
5940 (s, 1H), 9.28 (ddd, ] = 7.2 Hz, ] = 1.3 Hz, ] = 0.8 Hz, 1H), 8.69
(ddd, J=4.7Hz, J = 1.7 Hz, ] = 0.8 Hz, 1H), 8.54 (dd, J = 8.1 Hz, ] =
0.8 Hz, 1H), 7.84—7.75 (m, 3H), 7.28—7.22 (m, 2H) ppm; *C{'H}-
NMR (100 MHz, CDCL,): § 156.6, 155.2, 152.3, 151.3, 149.3, 136.4,
127.9, 126.8, 123.5, 1222, 116.3, 114.1 ppm; IR: v, 3106, 3031,
1678, 1631, 1567, 1485 cm™'; HRMS (ESI) m/z: calcd for C;3H;(N;O
[M + H]* 224.0824, found: 224.0818.
7-Methyl-3-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one (3s). Yellow
solid, 84 mg, 71%, mp 110—113 °C; 'H NMR (400 MHz, CDCl,): §
9.01 (s, 1H), 8.52 (s, 1H), 7.79 (d, ] = 7.3 Hz, 2H), 7.64—7.58 (m,
2H), 7.46 (dd, ] = 7.8 Hz, ] = 7.5 Hz, 2H), 7.35 (t, ] = 7.4 Hz, 1H),
2.46 (s, 3H) ppm; BC{"H}NMR (100 MHz, CDCL,): § 156.5, 152.6,
149.6, 138.6, 134.5, 128.52, 128.49, 127.6, 126.2, 125.9, 125.1, 116.6,
184 ppm; IR: vy, 3057, 1677, 1636, 1478 cm™'; HRMS (ESI) m/z:
caled for C;sH3N,O [M + H]* 237.1028, found: 237.1024.
3,7-Diphenyl-4H-pyrido[1,2-a]pyrimidin-4-one (3t). Yellow solid,
95 mg, 64%, mp 166—168 °C; 'H NMR (400 MHz, CDCL,): § 9.41
(dd, J = 2.0 Hz, ] = 0.4 Hz, 1H), 8.56 (s, 1H), 8.02 (dd, J=9.2 Hz, | =
2.1 Hz, 1H), 7.81 (d,] = 7.1 Hz 2H), 7.77 (d, ] = 9.2 Hz, 1H), 7.67 (d,
J=7.1Hz2H), 7.55—=7.51 (m, 2H), 7.49—7.44 (m, 3H), 7.46 (dd, | =
7.5 Hz, ] = 7.3 Hz, 1H) ppm; “C{’'H}NMR (100 MHz, CDCl,): §
156.9, 152.7, 149.7, 135.7, 135.5, 134.3, 129.9, 129.4, 128.9, 128.5,
127.8, 126.9, 126.6, 124.7, 117.0 ppm; IR: v, 3056, 1675, 1635, 1477
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cm™'; HRMS (ESI) m/z: caled for CpyH;,N,ONa [M + Nal*
321.1004, found: 321.0997.

9-(Benzyloxy)-3-phenyl-4H-pyrido[1,2-a]pyrimidin-4-one (3u).
Light-yellow solid, 88 mg, 54%, mp 150—152 °C; '"H NMR (400
MHz, CDCL): § 8.81 (ddd, J = 4.1 Hz, ] = 3.5 Hz, ] = 0.9 Hz, 1H),
8.60 (s, 1H), 7.80 (d, J = 7.2 Hz, 2H), 7.49—7.44 (m, 4H), 7.41-7.32
(m, 4H), 7.03—6.99 (m, 2H), 5.40 (s, 2H) ppm; “C{'H}NMR (100
MHz, CDCL,): 6 156.9, 151.7, 1512, 145.1, 135.2, 134.2, 128.9, 128.6,
128.5, 127.9, 127.2, 119.7, 117.8, 114.7, 112.9, 71.7 ppm; IR: v,
3159, 3058, 2926, 1670, 1634, 1480, 1297, 1266, 1144 cm™'; HRMS
(ESI) m/z: caled for C,H;;N,0, [M + H]* 329.1290, found:
329.1288.
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