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ABSTRACT: An efficient synthesis of 11H-pyrido[2,1-b]-
quinazolin-11-one through palladium-catalyzed C(sp2)−H
pyridocarbonylation of N-aryl-2-aminopyridines has been
developed. The pyridyl group acts as an intramolecular
nucleophile for the first time in C−H carbonylation reactions.

Since seminal work by Heck and co-workers,1 transition-
metal-catalyzed carbonylation reactions of organic

(pseudo)halides using carbon monoxide (CO) as a C1 building
block have been recognized as a powerful method to synthesize
carbonyl derivatives.2 In the past decade, the development of
the direct carbonylation of C−H bonds has resulted in a more
straightforward and atom-economic approach to carbonyl-
containing compounds.3 Due to the ubiquity and robustness of
C−H bonds, chemo- and regioselective activation of a specific
C−H bond is a challenging task. To solve this problem, the
strategy of using a directing group is applied to allow selective
C−H bond activation by the localized transition-metal catalyst.4

In this context, a variety of directing groups, including nitrogen-
containing heterocycles,5 amides,6 carboxylic acids,7 and tertiary
amines,8 have been developed in C−H carbonylations (Scheme
1a). In some cases when the directing groups need to be
removed in intermolecular C−H carbonylations, extra synthetic
steps are required, which sacrifices atom economy. On the
other hand, the intramolecular version of this process, in which
the directing groups act as nucleophiles as well, enables fast
construction of heterocycles9,10 with high step efficiency and
atom economy (Scheme 1b).
The pyridyl group is widely used as a directing group in

transition-metal-catalyzed C−H functionalization reactions,
including Pd-, Rh-, or Ru-catalyzed intermolecular carbon-
ylations.5 A major problem associated with pyridine-directed
C−H functionalization is the difficulty of removal or further
transformation of the pyridyl moiety. In a previous study, we
described a Cu/Fe cocatalyzed intramolecular C−H amination
of N-aryl-2-aminopyridines for the synthesis of pyrido[1,2-
a]benzimidazoles, in which the pyridyl group acted as an
intramolecular nucleophile as well as a directing group.11

Herein, we report an unprecedented C−H pyridocarbonylation
process by using the same N-aryl-2-aminopyridines as
substrates. The C−H pyridocarbonylation reaction proceeds
efficiently under an atmospheric pressure of CO in the presence
of Pd(II) and an oxidant to provide 11H-pyrido[2,1-b]-
quinazolin-11-ones. The pyridyl group acts as both a directing
group and an intramolecular nucleophile which is present in the
final product (Scheme 1c). The major challenge of this reaction

is the potential urea byproduct formation between two aniline
moieties under the oxidative conditions.12

11H-Pyrido[2,1-b]quinazolin-11-one is an important scaffold
found in many synthetic compounds with various biological
activities, including antitumor,13 antiallergy,14 HIV-1 integrase
inhibitory,15 and hypolipenmic activities.16 The general method
for the synthesis of this class of molecules is lactamization of 2-
(pyridin-2-ylamino)benzoic acid derivatives.17 In view of recent
advances in C−H carbonylations,4−10 we envisage that the
scaffold of 11H-pyrido[2,1-b]quinazolin-11-one could be read-
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Scheme 1. C(sp2)−H Carbonylation
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ily constructed starting from N-aryl-2-aminopyridines via
palladium-catalyzed C−H pyridocarbonylation. The pyridyl
directing group acts as an intramolecular nucleophile as well.
Initially, the reactions of N-phenyl-2-aminopyridine 1a under

the previously reported reaction conditions failed to produce
any of the desired product 2a, 11H-pyrido[2,1-b]quinazolin-11-
one (entries 1−2, Table 1).10d,l When the oxidant was changed

to CuCl2, 2a was isolated in 51% yield by applying 10 mol % of
Pd(MeCN)2Cl2 as a catalyst under an atmospheric pressure of
CO (entry 3). A screening of other Pd(II) species identified
PdCl2 as able to catalyze the reaction in a higher yield of 64%
(entries 4−6). Additives such as TsOH, K2CO3, and NH4Cl
were also investigated, and no significant improvement in the
yields was observed (entries 7−9). It was notable that when KI
was added, the major product was changed to 1,3-diphenyl-1,3-
di(pyridin-2-yl)urea (entry 10). Fortunately, when the reaction
was run in TFA in the presence of 5 mol % of Pd(OAc)2 as a
catalyst and 3.0 equiv of K2S2O8 as an oxidant, the yield of 2a
was improved greatly to 87% at much milder conditions (70 °C
for 4 h) (entry 12).18 Other analogous oxidants such as
Na2S2O8 and (NH4)2S2O8 proved to be less effective (entries
13−14). Furthermore, the reaction can be run in 10 mmol scale
(1.70 g) without a significant loss of the yield (78%, entry 12).
With the optimized conditions in hand, the scope of

substituents on the pyridyl ring of N-aryl-2-aminopyridines 1
was investigated first (Scheme 2). A range of functional groups
with varied electronic properties, including Me, F, Cl, CF3, and
Ph, were well-tolerated, providing corresponding substituted
11H-pyrido[2,1-b]quinazolin-11-ones 2b−2g in 46−87%
yields. However, when a Me group was present in the C6
position of the pyridine, only a trace amount of the desired
product was detected. It was notable that a pyrimidine motif
was also compatible with the reaction conditions, providing the
corresponding 6H-pyrimido[2,1-b]quinazolin-6-one 2h in

moderate yield. Then, the effect of the substituents on the
phenyl ring of N-aryl-2-aminopyridines was studied. Substrates
with both electron-donating groups (Me, MeO, and t-Bu) and
electron-withdrawing ones (F, Cl) on the para-position of the
phenyl ring were carbonylated smoothly to provide corre-
sponding products 2i−2m in 62 to 77% yields. Substitution on
the ortho position was usually unfavorable for aromatic C−H
functionalization due to the steric hindrance. However, in this
C−H pyridocarbonylation reaction, the steric influence was
neglectable (2n−2p). When meta-substituted N-aryl-2-amino-
pyridines were applied to the reaction, the regioselectivity
between the two C−H bonds to be activated was dependent on
the size of the substituent. When the substituent was a methyl
or phenyl group, only the sterically less hindered C−H bond
was reacted, furnishing the sole product 2q and 2r in 59% and

Table 1. Optimization of the Reaction Conditionsa

entry
catalyst

(10 mol %)
oxidant
(1 equiv)

additive
(1 equiv)

yield
(%)b

1c Pd(OAc)2 CuO − −
2 Pd(MeCN)2Cl2 Cu(OAc)2 TFA −
3 Pd(MeCN)2Cl2 CuCl2 − 51
4 Pd(OAc)2 CuCl2 − 41
5 Pd(TFA)2 CuCl2 − 26
6 PdCl2 CuCl2 − 64
7 PdCl2 CuCl2 TsOH 60
8 PdCl2 CuCl2 K2CO3 30
9 PdCl2 CuCl2 NH4Cl 69
10d PdCl2 CuCl2 KI −
11 PdCl2 CuBr2 − 30
12e Pd(OAc)2 K2S2O8 − 87(78)f

13e Pd(OAc)2 Na2S2O8 − 56
14e Pd(OAc)2 NH4S2O8 − 51

aReaction conditions: 1a (0.2 mmol), Pd (10 mol %), oxidant (1.0
equiv), CO balloon (1 atm), solvent (1.0 mL), 110 °C, 28 h. bIsolated
yield of 2a. cHOAc as solvent. d1,3-Diphenyl-1,3-di(pyridin-2-yl)urea
was isolated as major product in 63% yield. eTFA (1.0 mL) as solvent,
Pd(OAc)2 (5 mol %), 70 °C, 4 h. fIn 10 mmol scale of 1a, 12 h.

Scheme 2. Scope of N-Aryl-2-aminopyridinesa

aReaction conditions: 1 (0.2 mmol), Pd(OAc)2 (5 mol %), K2S2O8
(3.0 equiv), CO balloon (1 atm), TFA (1.0 mL), 70 °C, isolated yields
of 2. b K2S2O8 (5.0 equiv). c At 60 °C.
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75% yields, respectively. However, in the case of a smaller Cl,
two isomers in a ratio of 5:3 in favor of 2t were obtained.
Further transformation of the pyridoquinazolinone product

2a was also explored (Scheme 3). The reduction of 2a with

LiAlH4 gave 2-aminopyridine substituted phenylmethanol 3 as
a result of the amide bond cleavage. The released pyridyl
moiety can act as an intramolecular nucleophile again in a
PIDA-promoted C−H amination reaction, providing C6
hydroxymethyl substituted pyrido[1,2-a]benzimidazole 5.19 A
similar lactam opening and reclosing process was realized by
Grignard addition followed by C−H cycloamination to give a
tertiary alcohol substituted pyrido[1,2-a]benzimidazole deriva-
tive 6. These transformations demonstrated that the current
C−H pyridocarbonylation products can be served as precursors
of C6 hydroxymethyl substituted pyrido[1,2-a]benzimidazoles.
To gain insight into the mechanism of this C−H

pyridocarbonylation process, reactions with isotope labeled
N-phenyl-2-aminopyridine 1a-D5 were investigated (Scheme
4). When a 1:1 mixture of 1a and 1a-D5 was subjected to the

standard conditions, a 1.9:1 mixture of 2a and 2a-D4 was obtain
in 0.5 h as determined by 1H NMR. In parallel reactions using
1a and 1a-D5 as substrates respectively, a significant KH/KD
(2.5) value was obtained.20 Partial deuterium scrambling was
also observed in the recovered 1a-D5, showing that a reversible
rate-limiting C−H cleavage was likely involved in the reaction
(see SI).
Based on the observations described above, a plausible

reaction mechanism is proposed in Scheme 5. Initial chelation
of the pyridine nitrogen with the CO ligated Pd(II) complex
and the following electrophilic cyclopalladation on the phenyl
ring form intermediate B, which is probably a rate-limiting step.
Migratory insertion of a coordinated CO into the aryl-Pd bond
produces a seven-numbered palladocycle C. Reductive
elimination leads to the corresponding pyridocarbonylation

product with the concurrent formation of a Pd(0) species,
which is reoxidized to the Pd(II) complex by K2S2O8 in the
presence of CO and TFA.
In summary, we have developed an efficient catalytic

protocol for the synthesis of 11H-pyrido[2,1-b]quinazolin-11-
ones starting from readily available N-aryl-2-aminopyridines.
This is the first example of using a pyridyl group as both a
directing group and an intramolecular nucleophile in a Pd-
catalyzed C(sp2)−H carbonylation reaction. The C−H
pyridocarbonylation reaction takes place smoothly under an
atmospheric pressure of CO in the presence of Pd(OAc)2 and
K2S2O8 as an oxidant in TFA. A range of substituted 11H-
pyrido[2,1-b]quinazolin-11-ones which can be further trans-
formed to C6 substituted pyrido[1,2-a]benzimidazoles are
obtained in moderate to good yields.
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