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ABSTRACT: A novel, practical, highly efficient, and transition metal free
nitrogen insertion reaction for the synthesis of 2,3-disubstituted quinazolinone
derivatives was developed. Diverse functionalized 3-indolinone-2-carboxylates
and nitrosoarenes with a wide range of substituted nitrosobenzenes, nitro-
sopyridines, dibenzofuranyl, or dibenzothienyl nitroso compounds worked
smoothly to give 2,3-disubstituted quinazolinone derivatives in good to excellent yields (69−98%). A gram-scale reaction was
achieved, and an afloqualone analogue was synthesized under the mild reaction conditions.

Q uinazolinone structural units are widespread in natural
products and synthetic pharmaceuticals.1 As shown in

Figure 1, tryptanthrin and sclerotigenin are the natural

alkaloids that incorporate quinazolinone motifs with significant
biological activities.2 Afloqualone is a commercial oral muscle
relaxant drug.3 Idelalisib is used as a PI3Kδ inhibitor and has
been approved for the treatment of relapsed chronic
lymphocytic leukemia (CLL).4 Raltiterxed is a clinical
medication for the treatment of colorectal cancer.5 Due to
the prospects for application, continuous effort has been spent
to develop new methodologies for the construction of
quinazolinone derivatives.6 In addition to the traditional
formation of quinazolinones via Niementowski reaction7 and
cyclocondensation and cascade reactions,8 other strategies
such as methods involving a transition matel catalyst or an
oxidant have emerged in recent years.9 For instance, the
copper- or palladium-catalyzed N-arylation reactions of N-
substituted o-bromobenzamides or o-bromobenzoates with
various benzylamines,10 amides,11 or amidines12 were reliable
protocols for obtaining 2,3-disubstituted quinazolinones. The
N-substituted anthranilamides with aldehydes,13 alcohols,14

methylarenes,15 or (o-azaaryl)methanes16 through oxidative
heterocyclizations or amination of the sp3 C−H bond to

synthesize 2,3-disubstituted quinazolinones were applied
successfully. Alper and Wu described palladium-catalyzed
cyclocarbonylation to give 2,3-disubstituted quinazolinones.17

Deng and Chu developed the hydrogen transfer reaction of N-
substituted o-nitrobenzamides with benzylic alcohols under
iron or ruthenium catalysis.18 Chiba and co-workers described
transition metal free access to 2,3-disubstituted quinazolinones
utilizing 5-aryl-4,5-dihydro-1,2,4-oxadiazoles in the presence of
O2.

19 From the viewpoint of the construcaton of 2,3-
disubstituted quinazolinones, transition metal free, concise,
and elegant strategies are still in great demand.
The Michael, aza-Michael, and Robinson annulation

reactions of 3-indolinone-2-carboxylates with nitroolefins,20

azodicarboxylates,21 and cyclohexenone22 have been reported
extensively in recent years. However, the nitrogen insertion
reaction of 3-indolinone-2-carboxylates remains unexplored,
although insertion of nitrogen into a carbon−carbon bond as a
key step has been demonstrated as a powerful strategy for the
preparation of heterocyclic or carbocyclic compounds.23

Herein, we disclose an interesting and unexpected nitrogen
insertion reaction to afford 2,3-disubstituted quinazolinones.
Initially, methyl 1-acetyl-3-oxoindoline-2-carboxylate 3a and

nitrosobenzene 4a were examined as the reactants in the
presence of a catalytic amount of DABCO in DCM at room
temperature. To our delight, the reaction proceeded effectively,
affording the desired 2,3-disubstituted quinazolinones 5aa in
82% yield (Table 1, entry 1). With an increase in the amount
of DABCO, a slight enhancement of the yields was detected
(entries 2 and 3 vs entry 1). Subsequently, by screening various
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Figure 1. Bioactive quinazolinone scaffolds.
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bases such as DMAP, Et3N, DIPEA, DBU, K2CO3, and
Cs2CO3 (entries 4−9, respectively), we found that Cs2CO3
was the best choice, giving product 5aa in 96% yield (entry 9).
Different solvents such as CHCl3, DCE, THF, MTBE, toluene,
and acetonitrile were tested with Cs2CO3 as the base (entries
10−15, respectively). The results revealed that the reaction
yields apparently reduction when MTBE or toluene was used
as the solvent (entry 13 or 14, respectively). To further
improve the reaction efficiency, the ratios of nitrosobenzene 4a
and 3a were investigated (entries 16−18). The yields of
product 5aa could be maintained when the amount of
nitrosobenzene 4a was decreased to 1.2 equiv of 3a (entry
17). Finally, the optimal reaction conditions were found to be
3a (0.1 mmol), 4a (0.12 mmol), and Cs2CO3 (0.5 equiv) as
the base in DCM at room temperature for 22 h, affording
product 5aa in 96% yield.
With the optimal conditions in hand, the substrate scope of

the nitrogen insertion reaction was examined. As shown in
Scheme 1, a series of 2,3-disubstituted quinazolinones could be
obtained in good to excellent yields. We found that ethyl (3b)
or tert-butyl (3c) ester proceeds with an efficiency similar to
that of 3a, giving products 5ba and 5ca in 92% and 93% yields,
respectively. Regardless of whether electron-donating or
electron-withdrawing groups were at position 5 or 6 of 3-
oxoindolines, the corresponding 2,3-disubstituted quinazoli-
nones (5da−5ka) were efficiently obtained in excellent yields
(93−98%). In the case of 4-fluorine and 7-methyl derivatives
(3m and 3n, respectively) as the reactants, because of the
effect of steric hindrance, the nitrogen insertion reaction
required longer times and afforded products 5ma and 5na in
relatively low yields (69% and 85%, respectively). Upon

application of heteroaromatic and polyaromatic fused com-
pounds 3p and 3o to the reaction conditions presented here,
the reaction gave the desired products 5pa and 5oa in 94% and
97% yields, respectively.
To further estimate the efficiency of the methodology, a

wide range of nitroso compounds were applied using this
strategy. As described in Scheme 2, the nitrogen insertion
reactions of nitrosoarenes with diverse substituents at the para
or meta position of the phenyl ring afforded the corresponding
products 5ab−5an in 89−97% yields. It is worth mentioning
that reactants bearing a strong electron-witdrawing substituent
like an ester group or a formyl group on the aromatic ring
demanded longer times to complete the reaction. The reaction

Table 1. Optimization of Reaction Conditionsa

entry base solvent yield (%)b

1c DABCOd DCM 82
2 DABCO DCM 87
3e DABCO DCM 87
4f DMAP DCM 76
5f Et3N DCM 78
6f DIPEA DCM 76
7f DBU DCM 91
8 K2CO3 DCM 75
9 Cs2CO3 DCM 96
10 Cs2CO3 CHCl3 94
11 Cs2CO3 DCEg 90
12 Cs2CO3 THF 81
13 Cs2CO3 MTBEh 44
14 Cs2CO3 toluene 21
15 Cs2CO3 CH3CN 87
16i Cs2CO3 DCM 96
17j Cs2CO3 DCM 96
18k Cs2CO3 DCM 92

aReaction conditions: 3a (0.10 mmol), 4a (0.15 mmol), and base (0.5
equiv) in the indicated solvent (0.5 mL) at rt for 22 h, unless
otherwise noted. bIsolated yield of product 5aa. cWith 0.2 equiv of
DABCO. dDABCO = 1,4-diazabicyclo[2.2.2]octane. eWith 1.0 equiv
of DABCO. fWith 1.0 equiv of base. gDCE = 1,2-dichloroethane.
hMTBE = methyl tert-butyl ether. iWith 1.3 equiv of 4a. jWith 1.2
equiv of 4a. kWith 1.1 equiv of 4a.

Scheme 1. Scope of the Reactions of 3-Indolinone-2-
carboxylatesa

aReaction conditions: 3a−3p (0.40 mmol), 4a (0.48 mmol), and
Cs2CO3 (0.20 mmol) in DCM (2.0 mL) at rt for the determined time.
bX-ray of 5aa.

Scheme 2. Scope of the Reactions of Nitrosoarenesa

aStandard reaction conditions: 3a (0.40 mmol), 4a−4z (0.48 mmol),
and Cs2CO3 (0.20 mmol) in DCM (2.0 mL) at rt for the determined
time.
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yields and times were sensitive to the steric hindrance of the
substituents on the nitrosoarenes. The introduction of methyl,
chlorine, bromine, and cyano at the ortho position of the
nitrosoarene aromatic rings led to decreases in the yields of the
corresponding products 5ao−5ar and 5az. To expand the
reactant scope of the nitrogen insertion reaction, we paid
attention to nitrosoheteroaryl compounds. A series of
monosubstituted or disubstituted nitrosopyridines could also
perform well in the reaction system, giving products 5as−5aw
in 87−98% yields. In addition, in the case of dibenzofuranyl
and dibenzothienyl nitroso compounds were applied under the
standard reaction conditions, and the reaction proceeded
smoothly giving products 5ax and 5ay in 96% and 82% yields,
respectively.
To illustrate the reaction mechanism, control experiments

were conducted. As mentioned above, substrate 3a bearing an
acyl group on the nitrogen worked well with nitrosobenzene 4a
under the standard reaction conditions, giving product 5aa in
96% yield. However, unprotected 3-oxoindoline 3q afforded
only a trace of 5aa, and N-methyl-protected 3-oxoindoline 3r
did not afford product 5aa (as shown in Scheme 3). The

results of the reaction indicated that no protection group and
the methyl protection group were not compatible for the
nitrogen insertion reaction. To further explore the mechanism
of the reaction, we synthesized compounds 3s and 3t.24

Substrate 3s provided nitrogen insertion product 5sa in 79%
yield, and reactant 3t gave ring-opening compound 6ta in 88%
yield under the standard reaction conditions. These results
hinted that the conjugated structure was vital in the process of
ring closure. Furthermore, when substrate 3a reacted with o-
bromonitrosobenzene 4r under the optimized reaction
condition for 1.5 h, compound 7ar and product 5ar were
detected. It is worth mentioning that if compound 7ar is left
for a long time, it could convert into ring expansion product
5ar but with a dramatic decrease in the yield. The
configurations of 5sa, 6ta, and 7ar were confirmed by X-ray
diffraction analysis.
A possible reaction mechanism was proposed on the basis of

the results of control experiments, as depicted in Scheme 4.
Initially, enolization of substrate 3a was achieved in the
presence of Cs2CO3. Subsequently, the enolate anion of 3a N-

selectively attacked nitrosoarene. Meanwhile, the O-addition
product perhaps existed. In particular, when o-bromonitroso-
benzene was involved in the reaction, compound 7ar could be
detected, separated and verified by X-ray diffraction, because of
the stetric hindrance. Because compound 7ar did not convert
into a stable product and the addition reaction was reversible,
7ar could revert to the original materials, and the substrate
underwent the N-selective addition reaction again. Intermedi-
ate II could transform into VI through O-nucleophilic
addition, and cleavage of the C2−C3 and N−O bonds.
Complex VI underwent an addition−elimination reaction that
led to the formation of amidine compound VIII. Afterward,
the intramolecular substitution reaction of anhydride and
amidine in VIII afforded the desired compound 5ar.
To investigate the efficiency and practical utility of this

method, a gram-scale reaction of 3a and o-bromonitrosoben-
zene 4r was carried out under the standard conditions,
providing desired product 5ar in 72% yield. Furthermore, the
transformation of 5ar is depicted in Scheme 5. The ester group
of 5ar could be selectively reduced by treatment with LiBH4,
giving reduction product 8ar in 53% yield.25 Subsequently, 8ar
was treated with the DAST reagent, affording afloqualone
analogue 9ar in 60% yield.26

In conclusion, we have demonstrated a highly efficient and
convenient nitrogen insertion reaction for the preparation of

Scheme 3. Control Experiments

Scheme 4. Proposed Reaction Mechanism

Scheme 5. Gram-Scale Synthesis of 5ar Followed by
Transformation
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2,3-disubstituted quinazolinones from 3-indolinone-2-carbox-
ylates and nitrosoarenes with Cs2CO3 as the base. The reaction
proceeded smoothly under mild reaction conditions and was
free of transition metals, oxidants, and peroxide. 3-Indolinone-
2-carboxylates containing diverse functional groups worked
well with nitrosobenzene, giving products 5aa−5pa in
moderate to excellent yields (69−98%). A wide range of
nitroso compounds were compatible with the reaction,
affording desired products 5ab−5az in good to excellent yields
(77−98%). Further development of this methodology is
ongoing in our laboratory.
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