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Palladium-Catalyzed Carbonylative Difunctionalization of C=N 

Bond of Azaarenes or Imines to Quinazolinones 

Xibing Zhou,[a] Yongzheng Ding,[a] and Hanmin Huang*[a,b] 

 
Abstract: By intercepting the acylpalladium species with C=N bond 

of azaarenes or imines other than free amines or alcohols, the 

difunctionalization of C=N bond was established via palladium-

catalyzed carbonylation/nucleophilic addition sequence. This method 

is compatible with a diverse range of azaarenes and imines, and 

allows for the efficient synthesis of a wide range of quinazolinones 

and derivatives. The synthetic utility has been demonstrated by one-

step synthesis of evodiamine and its analogue with inexpensive 

starting materials. 

Quinazolinones are prevalent synthetics and important scaffolds 

of natural products, which have been widely recognized as “core 

structures” in drug discovery.[1] They are now known to possess 

a wide spectrum of biological and pharmacological activities, 

such as anti-inflammatory, antioxidant, antimicrobial, 

antipsychotic, and antihypertensive activity, strong analgesic 

activity, and many effects on the central nervous system 

(CNS).[2] For example, rutaecarpine, euxylophoricine B, and 

evodiamine are all effective ingredients of Chinese herbal 

medicines.[3-4] Additionally, fenquizone[5] and raltitrexed[6] 

containing this core structure have been on the market or are in 

clinical trials for the treatment of edema, diuretic, and cancer 

(Figure 1). 

 

Figure 1. Representive drugs and natural products with quinazolinone core. 

Despite their importance, the synthetic methods for making 

quinazolinones are unsatisfactory. One of the most popular 

methods is on the basis of condensation reaction with amines 

and acids or their derivatives as starting materials.[7] Various 

protocols by combination of Ullmann-type coupling reactions or 

oxidative coupling with cyclocondensation reaction under harsh 

conditions have been reported for this method. However, the 

requirement of a pre-synthesized acid as well as a large amount 

of dehydrating agents to construct the amide bond limits its 

practicability and generality. Another alternative method is the 

transition metal-catalyzed carbonylative coupling reaction with 

halogenated azaarenes or halogenated imines as coupling 

partners, which could avoid using acids and dehydrating agents 

to build the amidic-bond.[8] In these reported reactions, one of 

the most impressive methods is the intramolecular 

pyridocarbonylations proceeded via dearomatizing carbonylation 

of pyridine derivatives.[8e-8g] However, the required halogen or 

amine prefunctionalization of the imines or azaarenes 

significantly reduces its synthetic appeal and limits its 

applications to only a few quinazolinones. Therefore, the 

development of straightforward methods that enables the 

construction of complex quinazolinones from simple starting 

materials would have far-reaching implications for both the 

synthetic and the medicinal chemistry communities. Although 

the carbonylative transformation of electron deficient N-

toluenesulfonyl imines to corresponding 2,3-dihydro-4(1H)-

quinazolinones have been developed,[9] a general protocol for 

the synthesis of quinazolinones from simple azaarenes and N-

alkyl substituted imines would be still desirable. 

 

Scheme 1. Palladium-catalyzed carbonylative difunctionalization of C=N 

bonds. 

The development of catalytic systems for the functionalization 

of multiple bonds as well as aryl derivatives remains one of the 

main interests for the chemical and pharmaceutical industries, 

providing economical and clean methods for various 

functionalized molecular systems.[10] Among the reported efforts 

in this area, many attractive procedures have been developed 

for catalytic difunctionalization of alkene owing to its abundance, 

diversity and predictable reactivity.[11-12] However, there are few 

examples of these that bring about the catalytic 
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difunctionalization of polar C=N bond, although it would be 

potentially utilized for the construction of complex nitrogenated 

compounds. We reasoned that an operationally simple and 

mechanistically distinct catalytic C=N bond difunctionalization 

process involving available 2-iodoanilines, imines or azaarenes 

as well as CO feedstocks would expand the capacity of C=N 

bond difunctionalization-based strategy to the synthesis of 

quinazolinones. In previous work,[13] we and others 

demonstrated that the C=N bond contained in imines or 

azaarenes could intercept the active acylpalladium species to 

form N-acyliminium ions via reductive elimination.[14] Being 

aware that N-acyliminium ions are capable of undergoing fast 

nucleophilic addition with a suitable nucleophile to generate the 

stable amide species, we envisioned that the difunctionalization 

of C=N bond of imines or azaarenes 2 could be furnished with 2-

iodoaniline and CO via the palladium-catalyzed carbonylation 

and nucleophilic addition sequence. However, the realization of 

such a process is challenging, since the interception process is 

reversible and a side reaction for the formation of the cyclic 

amide 4 from the acylpalladium species A may take place to 

compete with the desired C=N bond difunctionalization reaction 

(Scheme 1). We believe that the competition would be controlled 

by tuning the palladium catalyst and reaction condition to affect 

the rate of the intramolecular nucleophilic addition process. 

Herein, we report a new strategy for catalytic difunctionalization 

of C=N bond of azaarenes and imines via palladium catalyzed 

carbonylation and nucleophilic addition, which leads to the 

development of an efficient reaction for the construction of 

quinazolinones. 

Table 1. Optimization of Reaction Conditions.
[a]

 

 

Initially, the palladium catalyzed difunctionalization of C=N 

bond was investigated with 2-iodoaniline (1a) and pyridine (2a)   

under 1 atm of CO. As expected, the desired product 3aa was 

obtained in 49% yield by using Pd(t-Bu3P)2 and K3PO4 in toluene, 

together with the side product 4aa in 32% yield (Table 1, entry 1). 

To circumvent the formation of byproduct 4aa and maximize the 

efficiency of the process, an extensive screening of various 

reaction parameters was conducted. We assumed that the 

formation of 3aa might be accelerated via aromatization in the 

presence of oxidant. Screening of a variety of oxidants revealed 

that  the most efficient catalytic system was furnished with MnO2 

(Table 1, entries 2-4, and see Supporting Information), in which 

the desired product 3aa was obtained in 84% yield with good 

chemoselectivity. Other phosphine ligands including the 

commonly used bidentate phosphines and monophosphines 

were then examined with Pd(MeCN)2Cl2 as a palladium 

precursor (Table 1, entries 5−9). The screening experiments 

demonstrated that the electron-rich and steric hindrance ligands 

were found to be crucial for obtaining high chemoselectivity and 

reactivity. Among these, t-Bu3P was the most effective ligand 

which could deliver the desired quinazolinone 3aa in 77% yield, 

together with the byproduct 4aa in 10% yield. It is worth pointing 

out that the inverse chemoselectivity was obtained when DPPF 

served as a ligand. Subsequently, the impact of the base over 

the reactivity and chemoselectivity of this process was 

investigated, and it was discovered that K3PO4 remained the 

optimal choice (Table 1, entries 10-12). Additionally, screening 

of some representative solvents revealed that toluene exhibited 

the most significant effect to this carbonylative cyclization (Table 

1, entries 13-16). 

Scheme 2. Substrate scope for azaarenes or imines.
[a]

 

 

With the optimal reaction conditions identified, investigation 

into the substrate scope for the present carbonylative cyclization 

of 2-iodoaniline with a variety of pyridines, imines and other C=N 

bond containing molecules was pursued. As shown in Scheme 2, 

the optimized reaction conditions proved to be effective for 
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treatment of 2-iodoaniline (1a) with a series of pyridines (2a-2e). 

Both electron-donating and electron-withdrawing substituents on 

the pyridine-ring were tolerated to give the corresponding 

products in moderated to good yields. While the substituents 

could be located on the meta, para-position, the pyridine with 

substituent on the ortho-position led to lower activity. It is worth 

noting that almost no other regioisomers were detected in the 

reactions of para-substituted pyridines (2b-2d) due to the steric 

effect. The analogues of pyridine, such as isoquinoline and 

quinoline, were also suitable substrates (2f-2g) for the present 

reaction. The regioselectivity of 2g might be related to the 

electropositivity on isoquinoline ring.[7g] However, when the 

aldimine 2h was subjected to the reaction conditions, the 3-

benzyl-2-phenyl-2,3-dihydroquinazolin-4(1H)-one 3ah was 

obtained in 77% yield together with trace amount of 4aa and 

almost no dehydrogenation product was observed. To our 

delight, the yield of 3ah was improved to 90%, when the same  

Scheme 3. Substrate scope of 2-iodoanilines.
[a]

 

 

reaction was conducted in the absence of MnO2. Under this 

reaction conditions, aldimines bearing fluoro (2i) and methoxyl 

group (2j) gave the corresponding 2,3-dihydroquinazolin-4(1H)-

one in good yields. In addition, thienyl aldimine (2k) and 

naphthyl aldimine (2l) could be smoothly converted to the 

desired product in 81% yield and 72% yield, respectively. 

Besides the imines derived from benzyl amines, the imine 

originated from n-butylamine could also undergo the 

carbonylative cyclization reaction to give the corresponding 

cyclization product in 77% yield (3am). The imine 2n derived 

from cyclopropanecarbaldehyde proved to be an efficient partner 

for the present reaction and the desired product was 

successfully prepared in 53% yield (3an). However, imines 

derived from simple aliphatic aldehydes were not applicable for 

the present reaction due to their aza-Mannich type self-

condensation[15] in the presence of K3PO4 at high temperature. It 

is worth pointing out that when the coupling partner containing 

both pyridine and imine moieties (2o), the difunctionalization of 

C=N bond occured preferentially on imine-moiety and produced 

the corresponding product 3ao in 61% yield. Moreover, 3,4-

dihydroisoquinoline (2p) was also compatible with this novel 

reaction, giving the corresponding product 3ap in 97% yield. 

However, no desired product was obtained when electro-

deficient imine, such as N-tosylbenzenemethanimine, was 

utilized as a coupling partner. 

Next, we evaluated the substrate scope with respect to a 

series of 2-iodoanilines. As shown in Scheme 3, in all cases, the 

carbonylative cyclization reaction with pyridine proceeded 

smoothly to afford their corresponding quinazolin-4(3H)-ones in 

good yields. In general, both substituents on the para or meta 

position to iodine of the aryl ring, such as alkyl-, alkoxy-, and 

halogens can survive to efficiently couple with pyridine and CO, 

while electron-withdrawing groups resulted in a slightly lower 

yields (3ba-3ha). Notably, 2-iodo-N-methylaniline (1i) could 

react with imine 2g to give the corresponding product in 53% 

yield under 20 atm of CO. This method is also compatible with 2-

iodophenol to react with 4,9-dihydro-3H-pyrido[3,4-b]indole 2q to 

give evodiamine analogue 3jq in 47% yield. 

 

Scheme 4. One-step synthesis of rutaecarpine and evodiamine. 

The synthetic value of the palladium catalyzed carbonylative 

cyclization was further demonstrated through its application in 

the one-step synthesis of evodiamine and its analogue (Scheme 

4). Evodiamine is a quinazolinocarboline alkaloid isolated from 

the fruit of Evodia rutaecarpa Bentham, which displays diverse 

biological activities including anti-inflammatory, antiobesity, and 

antitumor effects. Because of its broad-spectrum and multi-

targeting antitumor profile, evodiamine represents a good 
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starting point for the development of novel antitumor agents. In a 

notable example, we obtained rutaecarpine directly from 

inexpensive and commercially available 4,9-dihydro-3H-

pyrido[3,4-b]indole 2q and 2-iodoaniline 1a in 67% yield. In 

addition, 2q could react with 2-iodo-N-methylaniline to afford the 

corresponding analogue evodiamine (3iq). 

On the basis of the above results and precedent reports,[12-13] 

a tentative catalytic cycle for the formation of quinazolinones 

was proposed in Figure 2. Initially, the reaction was initiated by 

the formation of the arylpalladium complex I via the oxidative 

addtion of 2-iodoaniline 1 to Pd(0). Next, migratory insertion of 

CO into the C-Pd bond of complex I results in the formation of 

acylpalladium intermediate II. The resultant acylpalladium 

species II reacts with imime or pyridine via reductive elimination 

in the presence of CO to generate N-acyliminium salt III and 

regenerate the active Pd(0) species to complete the catalytic 

cycle. Subsequent nucleophilic addition of the amino group of 2-

iodoaniline to N-acyliminium salt III leads to the formation of 2,3-

dihydroquinazolin-4(1H)-one.[7g] An alternative reaction pathway 

is initiated by intermolecular nucleophilic addition of aniline to 

C=N bond to generate intermediate IV, followed by palladium 

catalyzed intramolecular aminocarbonylation to give 2,3-

dihydroquinazolin-4(1H)-one 3.[9] However, because of the 

relatively poor electrophilicity of azaarenes and N-alkyl 

substituted imines,  the rate of intramolecular nucleophilic 

addition of aniline to N-acyliminium salt III should be much faster 

than that of intermolecular nucleophilic addition of aniline to 

unactivated imine, which indicates path b might not be involved 

in this reaction. It should be noted that the 2,3-

dihydroquinazolin-4(1H)-one generated from an azaarene could 

be oxidized by MnO2 to give the corresponding dehydrogenation 

product. 

 

Figure 2. Proposed mechanism. 

In summary, we have successfully developed a new and 

efficient C=N bond difunctionalization protocol for the direct 

synthesis of quinazolinones from simple starting materials via 

palladium-catalyzed carbonylative cyclization reactions. Both 

azaarenes and imines coud be ultilized as coupling partners to 

give a wide range of quinazolinones in good to excellent yields. 

The reaction could be performed under 1 atm of CO and can 

also be employed in the one-step synthesis of evodiamine and 

its analogues with inexpensive starting materials. Further 

investigations on gaining a detailed mechanistic understanding 

of this reaction and the application of this strategy in other 

reactions are currently in progress. 
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The palladium-catalyzed carbonylative difunctionalization of C=N bond of azaarenes or imines is described for the first time, which 

provides a reliable and rapid approach to quinazolinones. The synthetic utility of this reaction has further been demonstrated by its 

application to one-step syntheses of rutaecarpin and evodiamine from inexpensive and commercially available materials. 
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