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A highly selective palladium-catalyzed carbonylation of 
Csp2−H bonds with aromatic oximes for the synthesis of 
benzo[d][1,2]oxazin-1-ones and 3-methyleneisoindolin-1-ones 
has been developed. Interestingly, we found that the N-OH 10 

group of the oximes could be used as a directing group and/or 
an internal oxidant under different conditions. This 
transformation is supposed to undergo a hydroxyl-directed 
ortho-Csp2–H carbonylation or an activation of vinyl Csp2–H 
bond/ortho-Csp2–H carbonylation process. The uses of readily 15 

available starting materials, atmospheric pressure of carbon 
monoxide, as well as operational simplicity make this 
practical and atom-economical method particularly attractive. 
 
Introduction 20 

 
Carbonylation reaction is an attractive synthetic method since it 
utilizes carbon monoxide (CO) as a carbon-atom source for the 
addition of a carbonyl group to organic molecules.[1] Particularly, 
palladium-catalyzed carbonylation for the construction of 25 

carbonyl compounds has received considerable attention.[2] There 
is no doubt that Pd(0)-catalyzed Heck carbonylation of aryl 
halides, triflates, and tosylates is an expedient access to 
carboxylic acid derivatives,[3] however, regioselective 
introduction of the halide group is not always straightforward, 30 

sometimes requiring several additional steps. Besides, the 
generation of environmentally unfriendly waste also makes the 
development of alternative approaches highly desirable. In order 
to achieve green and atom-economic synthesis, carbonylation of 
C–H bonds is undoubtedly an ideal strategy to introduce carbonyl 35 

functional units into molecules. 
The Pd(II)-catalyzed C–H carbonylation of aromatic compounds, 
which was first discovered by Fujiwara and co-workers,[4] 
continues to attract considerable attention by virtue of its atom 
economy and high efficiency. However, the chemo- and 40 

regioselective activation of a specific C−H bond is still a big 
challenge, which should be due to the ubiquity and robustness of 
C−H bonds. Therefore, how to design reactions that are 
compatible with readily available starting materials where the 
inherent functionality of the molecule can be used to chelate with 45 

the metal and facilitate selective C−H activation is a great issue. 
A practical solution is to use a directing group which allows the 
selective C−H bond activation by the localized transition-metal 
catalyst. In recent years, a variety of functional groups including 
carboxylic acids,[5] hydroxyl groups,[6] amines,[7] amides,[8] 50 

amidines,[9] and N-containing heterocycles,[10] have been reported 
to direct C−H bond carbonylation (Scheme 1), and the choice of 
oxidant is also very important in these cases. 
Oximes are easily prepared from aldehydes and ketones, and 
useful precursors for the synthesis of N-heterocycles.[11] 55 

Moreover, they also can be served as an internal oxidant and have 
been used as substrates for transition-metal catalyzed C−H 
activation.[12] To the best of our knowledge, there are no reported 
examples dedicated to oximes as substrates for the direct C−H 
bond carbonylation. Inspired by our previous research on 60 

palladium-catalyzed carbonylation reactions,[13] and oxime esters 
as substrates,[14] herein, we would like to disclose a palladium-
catalyzed carbonylation of Csp2−H bond with aromatic oximes 
for the  selective synthesis of benzo[d][1,2]oxazin-1-ones and 3-
methyleneisoindolin-1-ones (Scheme 1). In this reaction, we 65 

found that the N-OH group of the oximes could be used as a 
directing group or an internal oxidant under different conditions. 
 
Scheme 1. C(sp2)−H Carbonylation 

 70 

 
 
Results and Discussion 

At first, propiophenone oxime (1a) was attached with CO balloon 
in the presence of 10 mol % PdCl2 in 2 mL mixed solvent 75 

C3H7COOH/(C3H7CO)2O (v/v = 20: 1) at 100 oC, and the desired 
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product 4-ethyl-1H-benzo[d][1,2]oxazin-1-one (2a) was obtained 
in 74% yield (see the Supporting Information for details). It was 
reported that this skeleton is an important class of heterocycle 
exhibiting potential biological activities. For example, the 
tetrahydronaphthalene-benzoxazine glucocorticoid receptor (GR) 5 

partial agonists (I, II) were optimized to produce potent full 
agonists of GR, and compound ZK 21634832 has been also 
reported as GR agonists demonstrating dissociation between 
transrepression and transactivation activities.[15] 

Considering the importance of this skeleton, we then studied the 10 

scope of the substrates, and the results are summarized in Table 1. 
Both phenyl alkyl ketone oximes and phenyl aryl ketone oximes 
were successfully subjected to this reaction system, and provided 
the corresponding benzoxazinone products 2b-2f in good to 
excellent yields. The para-substituted acetophenone oximes with 15 

electron-donating groups could be converted into the 
corresponding 1H-benzo[d][1,2]oxazin-1-ones (2g-2l) in good to 
excellent yields. However, strong electron-withdrawing groups 
such as CF3 on the aromatic ring did not show a positive effect to  

  20 

Table 1. Synthesis of benzoxazinones from a range of aromatic 

oximesa 

a Reaction conditions: aromatic oximes 1 (0.5 mmol), PdCl2 (0.05 mmol), 
AgOAc (1.0 mmol), CO (balloon), C3H7COOH/(C3H7CO)2O (2 mL, v/v = 25 

20: 1), 100 oC. Yield is that of the isolated product. 

this transformation, and the desired product 2m was just formed 
in very low GC yield. The acetophenone oxime substrates with 
substituents at the meta position reacted exclusively at the less 
sterically hindered position, leading to the formation of single 30 

regioisomers (2n and 2o). Moreover, the ortho-substituted 
acetophenone oxime (R1 = F) was also a suitable substrate for this 
transformation, and the reaction afforded 2p in 66% yield. In 
addition, the substrates 3', 4'-dimethylacetophenone, 1-
(benzo[d][1,3]dioxol-5-yl)-ethanone oximes also gave good 35 

yields of the desired products 2q and 2r. Heteroaromatic 
substrates such as thiophene oxime also participated well in this 
process and gave 2s in 68% yield. More sterically hindered 
substrates such as 1-(naphthalen-2-yl)ethanone oxime, could be 
converted to the corresponding product 2t in 84% yield. It should 40 

be noted that benzaldehyde oximes (3-methoxybenzaldehyde 
oxime and 4-methylbenzaldehyde oxime) were also good 
substrates for this transformation, and provided the desired 
products 2u and 2v in 77 and 46% yields, respectively. 

Pleasingly, another useful product 3a was detected when the 45 

reaction mixture of propiophenone oxime (1a) and 10 mol % 
PdCl2 in C3H7COOH with CO balloon, was carried out at 120 oC. 
We speculated that the formation of 3a might firstly undergo the 
vinyl Csp2–H bond activation followed by ortho-Csp2–H 
carbonylation.[16] To our delight, a single crystal of product 3a, 50 

obtained by slow crystallization from a mixture of petroleum 
ether and ethyl acetate, illustrated its structure was (Z)-3-
ethylideneisoindolin-1-one,[17] which is an important structural  

 

Table 2. Synthesis of 3-methyleneisoindolin-1-ones from a variety of 55 

aromatic oximesa 

 

a Reaction conditions: 1 (0.5 mmol), PdCl2 (0.05 mmol), K2CO3 (0.25 
mmol), CO balloon, n-C3H7COOH (2 mL), 120 oC. Yield is that of the 
isolated product. 60 
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motif in a number of naturally compounds and designed 
pharmaceutical molecules.[18]. It is also an useful intermediate in 
the synthesis of alkaloids including lennoxamine, aristocularines 
and aristolactams.[19] In addition, numerous methods for their 
preparation have been developed,[20] however, these methods 5 

offen suffer from poor regioselectivity of the product, tedious and 
expensive substrate preparation or harsh reaction conditions. 

Further optimization showed that the best conditions for the 
synthesis of 3a included 10 mol % PdCl2, 50 mol % K2CO3 in 
C3H7COOH with CO balloon at 120 oC (for details see the 10 

Supporting Information). With the optimal reaction conditions in 
hand, we next evaluated the substrate scope of this transformation 
and the results are shown in Table 2. The reactions of 1-
phenylbutan-1-one and 1-phenylpentan-1-one oximes proceeded 
smoothly and gave the desired products 3b and 3c in 79 and 75% 15 

yields, respectively. Different para-substituted propiophenone 
oximes including some with electron-donating groups (R' = OMe, 
Me, t-Bu, OTs), and some with electron-withdrawing groups (R' 
= F, CF3) could be converted into the corresponding products in 
good to excellent yields (3d-3i), and electron-donating groups 20 

showed a positive effect to this reaction. In the case of meta-
substituted propiophenone oximes, excellent selectivity to the 
C−H bond with less steric hindrance was observed, regardless of 
the electronic character of the substituents in the meta position 
(3j-3k). Besides, the transformation of 1-(2-fluorophenyl)propan-25 

1-one oxime could also proceed smoothly, and provided the 
desired product 3l in 72% yield. These results indicated that this 
chemical process was tolerant towards the electronic and steric 
effects of the aromatic ring. 

Moreover, the free NH group in the product of 3-30 

methyleneisoindolin-1-ones makes it to be attractive and versatile 
synthetic building block in the chemical transformations. Thus, to 
further highlight the application of this strategy, we next found 
that compound 3a could convert be to the desired product 4, a 
good bioactivity indicator receptor antagonist, in 93% yield in the 35 

presence of 20 mol % CuI, 3 equiv K2CO3 in DMF at 150 °C 
under N2 atmosphere (Scheme 2). 
 
Scheme 2. Synthesis of Bioactivity Indicator Receptor Antagonist 4. 

  40 

 
A tentative mechanism for the selectivity in Pd-catalyzed carbon 
monoxide insertion to oximes is proposed in Scheme 3. The left 
pathway[21] is an oxime hydroxyl directing ortho-C–H bond 
cleavage by Pd(II) to form the key six-membered palladacycle 45 

intermediate A. 1,1-Migratory insertion of CO into the Pd–C 
bond then occurred to forge the new C–C bond, generating a 
seven-membered cyclic intermediate B. Reductive elimination 
from the seven-membered palladocycle B led to the desired 
product 2 and concurrent formation of a Pd(0) species, which is 50 

oxidized to Pd(II) by AgOAc and air to fulfill the catalytic 
cycle.[6a] For the right pathway, oxidative addition of 1 afforded 

intermediate 1', which could undergo tautomerization to generate 
the enamine-derived amido-PdII species C. A molecule of CO 
then bound to C and led to the formation of complex D. And C–H 55 

bond cleavage would form palladacyclic complex E. Subsequent 
reductive elimination afforded the 3-methyleneisoindolin-1-one 
product 3 and regenerated the active Pd(0) catalyst.[11c, 22] 

 
Scheme 3. Plausible mechanism  60 

 

 
 
Conclusions 65 

 
In summary, a new and convenient palladium-catalyzed 
carbonylation of Csp2−H bond with aromatic oximes for the 
preparation of benzo[d][1,2]oxazin-1-ones and 3-
methyleneisoindolin-1-ones has been developed. There are two 70 

pathways including a hydroxyl-directed ortho-Csp2–H 
carbonylation and an activation of vinyl Csp2–H bond/ortho-
Csp2–H carbonylation. The uses of readily available starting 
materials, atmospheric pressure of carbon monoxide, as well as 
operational simplicity make this practical and atom-economical 75 

method particularly attractive. Further investigations toward 
extending this transformation to the synthesis of biologically 
active compounds are currently ongoing in our laboratory. 
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