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a b s t r a c t

A visible-light induced cascade sulfonation/cyclization reaction of 3-allyl-2-arylquinazolinones employ-

ing water as an environmentally friendly solvent was revealed. This transition metal-free protocol, using

9-mesityl-10-methylacridinium perchlorate as the photocatalyst, represents a masterly tactic for the syn-

thesis of sulfonated dihydroisoquinolino[1,2-b]quinazolinones featuring mild conditions, facile operation,

and broad substrate scope.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Polycyclic quinazolinones are widely existed in natural products

and bioactive compounds [1–8]. Notably, dihydroisoquinolino[1,2-

b]quinazolinone derivatives exhibit a range of biological activities,

such as antitumor [7] and antimalarial effects [8], making the ex-

ploration of their synthetic methodologies a focal point in organic

synthesis research [7–28]. The main synthetic strategies encompass

transition-metal-catalyzed C–H activation reactions involving pre-

synthesized quinazolinones [11–13], intramolecular cyclization of

N-substituted tetrahydroisoquinolines (THIQs) [7,14–19], and inter-

molecular oxidative annulation reactions between THIQs and var-

ious synthons [8,20–26], among others [27,28]. To enhance the

alignment of these synthetic approaches with green chemistry

principles [29–39], it is crucial to develop methodologies that uti-

lize environmentally friendly solvents as reaction media. However,

effective strategies for the synthesis of dihydroisoquinolino[1,2-

b]quinazolinone derivatives in environmentally friendly solvents,

especially in water, remain limited. In 2013, Daniel Seidel’s group

[27] established a selective oxidation of ring-fused aminals us-

ing potassium iodide/tert–butyl hydroperoxide catalytic system, re-

sulting in the formation of dihydroisoquinolino[1,2-b]quinazolinone

(Scheme 1a). Although this reaction was conducted in ethanol,

its further application was hindered by the reliance on pre-
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synthesized polycyclic substrates and excessive amounts of tert–

butyl hydroperoxide (TBHP) and piperidine. In 2020, Sun’s

group [8] reported a TBHP-mediated oxidative decarboxylative

cyclization of THIQs with isatins in water at 100 °C, yield-

ing dihydroisoquinolino[1,2-b]quinazolinones (Scheme 1b). Further-

more, isatoic anhydrides were identified as crucial intermediates

in this procedure. As a result, a direct decarboxylative cyclization

between THIQs and isatoic anhydrides was developed employing

electrochemical methods in ethanol at 75 °C (Scheme 1c) [21].

Sulfonyl groups, crucial structural moieties with distinct phys-

ical, chemical, and biological properties, are abundantly present

in various natural products and play important roles in the field

of pharmaceutical, agrochemical, material science and organic

synthesis [40–44]. Consequently, a variety of effective method-

ologies utilizing transition-metal catalysis, photocatalysis, elec-

trocatalysis, and other catalytic systems have been developed

for synthesizing sulfone-containing compounds [45–50]. Never-

theless, a suitable method for the preparation of sulfonylated

dihydroisoquinolino[1,2-b]quinazolinones has yet to be identified,

warranting further exploration due to the potential for discover-

ing novel active compounds. Recently, we successfully established

3-allyl-2-arylquinazolinones as a new class of radical acceptors

for the construction of phosphorylated dihydroisoquinolino[1,2-

b]quinazolinones in 1,2-dichloroethane [51], providing an efficient

and mild photocatalytic strategy for synthesizing polycyclic fused

quinazolinone derivatives. Nonetheless, this strategy is still not
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Scheme 1. Synthesis of dihydroisoquinolino[1,2-b]quinazolinones in environmen-

tally friendly solvents.

well compatible with environmentally friendly solvents. Build-

ing upon our investigation into heterocyclic synthesis [52–57],

we present herein the utilization of sulfonyl hydrazides as sul-

fonyl radical precursors to develop a visible-light-induced, tran-

sition metal-free radical cascade cyclization reaction in water at

room temperature, targeting sulfonated dihydroisoquinolino[1,2-

b]quinazolinone derivatives (Scheme 1d).

Initially, sulfonyl hydrazide 2a was chosen as the source

of p-toluenesulfonyl (Ts) radical for the cascade sulfona-

tion/cyclization reaction involving the model substrate 3-allyl-

2-phenylquinazolinone 1a, in order to optimize the reac-

tion conditions. To our delight, the target product, sulfonated

dihydroisoquinolino[1,2-b]quinazolinone 3a, was successfully syn-

thesized with an 88% yield under a photocatalytic aqueous phase

reaction system utilizing 9-mesityl-10-methylacridinium perchlo-

rate (Acr+-Mes·ClO4
–) as the photocatalyst (PC) and K2S2O8 as

the oxidant, irradiated by an 18W blue LED at room temperature

(entry 1, Table 1). Subsequently, we attempted to employ several

common organic dyes (4CzIPN, Eosin B, Eosin Y, and Rhodamine

B) as photocatalysts for this aqueous phase reaction, however,

the results were unsatisfactory (entries 2–5). Other persulfates

and frequently-used peroxides, such as Na2S2O8, (NH4)2S2O8,

lauroyl peroxide (LPO), benzoyl peroxide (BPO) and tert–butyl

hydroperoxide (TBHP), were also proved effective for this reaction,

giving 3a in moderate yields (entries 6–10). In contrast, green

oxidants such as hydrogen peroxide and oxygen were found to be

incompatible with this reaction (entries 11 and 12). Additionally,

the yield of the desired product significantly decreased when

the amount of K2S2O8 was reduced by half (entry 13). We also

examined alternative green solvents (entries 14–20), finding that

a mixed solvent of ethanol and water produced quinazolinone 3a

in 83% yield. Finally, control experiments conducted without the

photocatalyst and in the absence of light confirmed the critical

role of both the photocatalyst and light irradiation in facilitating

this radical cascade cyclization reaction in water.

After determining the optimal reaction conditions, the sub-

strate scope of this aqueous conversion was expanded by se-

quentially utilizing diverse arylsulfonyl hydrazides 2 and 3-allyl-2-

arylquinazolinones 1. As shown in Scheme 2, various substituted

arylsulfonyl hydrazides with different functional groups (e.g., 4-H,

4-OMe, 4-F, 4-Cl, 4-Br, 4-CF3, 3-Cl, 2-Cl, 2-naphthyl, and 2-thienyl)

were employed as sources of sulfonyl radicals, giving the corre-

sponding products 3b-3k in good to excellent yields. And the elec-

tronic and steric effects of the substituents on the aryl moiety of

Table 1

Screening of the reaction conditions.a

Entry Conditions Yield (%)b

1 None 88

2 4CzIPN as PC 13

3 Eosin B as PC 8

4 Eosin Y as PC 10

5 Rhodamine B as PC 22

6 Na2S2O8 as oxidant 66

7 (NH4)2S2O8 as oxidant 62

8 LPO as oxidant 40

9 BPO as oxidant 55

10 TBHP as oxidant 73

11 H2O2 as oxidant trace

12 O2 as oxidant trace

13 1 equiv. of K2S2O8 41

14 DMC as solvent 71

15 AcOEt as solvent 25

16 2-MeTHF as solvent 13

17 EtOH as solvent 30

18 Ethylene glycol as solvent 65

19 Ethylene glycol/H2O (v/v=1/5) as solvent 71

20 EtOH/H2O (v/v= 1/5) as solvent 83

21 Without PC trace

22 In the dark 0

a Reaction conditions: 1a (0.2mmol), 2a (2 equiv.), Acr+-Mes·ClO4
– (5 mol%) and

K2S2O8 (2 equiv.) in H2O (2mL) under argon with the irradiation of 18W blue LED

at room temperature for 48h.
b Isolated yields.

Scheme 2. Substrate scope for the cascade sulfonation/cyclization reaction in wa-

ter. Reaction conditions: 1 (0.2mmol), 2 (2 equiv.), Acr+-Mes·ClO4
– (5 mol%) and

K2S2O8 (2 equiv.) in H2O (2mL) under argon with the irradiation of 18W blue LED

at room temperature for 48h.
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Scheme 3. Reaction scale-up and product transformation.

Scheme 4. Control experiments.

the sulfonyl hydrazides appeared to be inapparent. Notably, the

alkyl sulfonyl hydrazide demonstrated acceptable adaptability as

a reaction partner, affording 3l in a 73% yield. Subsequently, the

limitations and scope of 3-allyl-2-arylquinazolinones were also in-

vestigated under aqueous conditions, revealing good compatibility

with both electron-donating groups (-Me and -OMe) and electron-

withdrawing groups (-F, -Cl, -Br, and -CF3) on either Ar1 or Ar2,

resulting in moderate yields of the corresponding products 3m-3u

Furthermore, the use of substrates with a hydrogen atom as R1 was

proved to be suitable for this sulfonation/cyclization reaction, as

evidenced by the successful synthesis of dihydroisoquinolino[1,2-

b]quinazolinones 3v and 3w in good yields.

Subsequently, to demonstrate the potential utility of this strat-

egy, the sulfonation/cyclization reaction of quinazolinone 1v and

TsNHNH2 2a was conducted on a gram scale. As shown in

Scheme 3a, the desired product 3v was synthesized smoothly

in 70% yield using a mixed solvent of ethanol and water, indi-

cating the procedure’s practical application value. Moreover, un-

der tBuOK-promoted conditions, the synthetic product 3v can be

readily converted into isoquinolino[1,2-b]quinazolinone 4, whose

structure was definitively established through X-ray crystallogra-

phy (Scheme 3b).

And then, we performed systematic control experiments to elu-

cidate the reaction mechanism by introducing established radical

scavengers 2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO) and buty-

lated hydroxytoluene (BHT) under standard conditions (Scheme 4)

[58]. These experiments revealed two critical observations: a

marked decrease in the formation efficiency of target prod-

uct 3a, and the successful identification of sulfonyl radical-

trapping adducts 5 and 6 through high-resolution mass spectrom-

etry (HRMS) analysis. These compelling experimental evidences

strongly indicate that a free radical process may be involved in this

visible-light-induced reaction. Furthermore, Stern-Volmer fluores-

cence quenching experiments were performed by mixing the pho-

tocatalyst with substrates 1a and 2a, respectively. Consequently,

neither of them displayed an obvious luminescence quenching ef-

fect (Fig. 1). Thus, we hypothesize that neither substrate 1a nor 2a

acts as a quencher of the excited state of Acr+-Mes·ClO4
– [59].

Based on the relevant experimental results and previous reports

[59–61], a plausible mechanism for this conversion is proposed

as illustrated in Scheme 5. Firstly, K2S2O8 undergoes homolysis

and converts to sulfate radical anion (SO4
•–) upon irradiation

Fig. 1. Fluorescence quenching experiments.

Scheme 5. Proposed mechanism.

with blue LED light. Through the processes of hydrogen atom

transfer and subsequent nitrogen removal, SO4
•– interacts with

p-toluenesulfonyl hydrazide 2a to generate hydrogen sulfate anion

(HSO4
–) and p-toluenesulfonyl radical A. And then, this radical

adducts to the C=C bond of 3-allyl-2-phenylquinazolinone 1a,

facilitating sulfonation to produce the sulfone-containing alkyl

radical intermediate B, which then undergoes intramolecular

cyclization to yield radical intermediate C. Next, a single-electron

transfer (SET) process between C and the excited state of Acr+-
Mes·ClO4

– generates cationic intermediate D and the radical

Acr•-Mes. Finally, the target product 3a is produced via deprotona-

tion of D. The regeneration of the ground state of the photocatalyst

is achieved through another SET involving Acr•-Mes and K2S2O8,

offering SO4
•– and SO4

2–.

In conclusion, we have developed an innovative and ef-

ficient cascade sulfonation/cyclization reaction of 3-allyl-2-

arylquinazolinones with sulfonyl hydrazides utilizing a photocat-

alytic system in water. This transition metal-free protocol features

mild reactions, facile operation, broad substrate scope, and gram-

scale synthesis, allowing for the successful synthesis of a series

of sulfonated dihydroisoquinolino[1,2-b]quinazolinones under blue

LED irradiation at room temperature. Ongoing investigations in

our laboratory are focused on leveraging this photocatalytic sys-

tem in environmentally friendly solvents to synthesize additional

significant heterocycles.
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