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ช่ือวิทยานิพนธ์  การสังเคราะห์วงขนาดเลก็และขนาดกลางท่ีเช่ือมต่อกบัควินาโซลิโนน 
ผู้เขียน   นายยศกร แซ่บา้ง 
สาขาวิชา  เคมี (นานาชาติ) 
ปีการศึกษา  2566 

บทคัดย่อ 

 

 ควนิาโซลิโนนเป็นสารผลิตภณัฑท์างธรรมชาติประเภทแอลคาลอยด์แสดงฤทธ์ิทางชีวภาพ

ท่ีน่าสนใจ โดยเฉพาะควินาโซลิโนนท่ีเช่ือมต่อกบัวงต่างๆมกัพบไดห้ลากหลายในสารผลิตภณัฑ์

ทางธรรมชาติและสารสังเคราะห์ ในงานวิจยัน้ี ผูว้ิจยัไดศึ้กษาการสังเคราะห์อนุพนัธ์ของควินาโซลิ

โนนท่ีเช่ือมต่อกบัวงขนาดกลาง และวงขนาดเล็ก จากสารตวักลางควินาโซลิโนนท่ีสังเคราะห์จาก

วิธีท่ีพฒันาภายในกลุ่มวิจยั โดยใชค้อปเปอร์เป็นตวัเร่งปฏิกิริยา ควินาโซลิโนนท่ีเช่ือมต่อกบัวงยเูรีย

ขนาดกลาง (11 เหล่ียม) สามารถสังเคราะห์ไดจ้ากสารตวักลาง (key intermediate) ท่ีมีหมู่ R2 เป็น

สายโซ่ tert-butyl ethylcarbamate โดยผ่านปฏิกิริยา reductive amination ปฏิกิริยาการก าจดัหมู่

ป้ องกัน  tert-butyl ethylcarbamate และป ฏิ กิ ริยาการปิ ดวงภายในโม เลกุ ลโดยมี  1,1’-

carbonyldiimidazole (CDI) เป็นแหล่งก าเนิดของหมู่ฟังก์ชนัคาร์บอนิลของยูเรีย นอกจากน้ีได้

สังเคราะห์อนุพันธ์  deoxyvasicinone ซ่ึงเป็นควินาโซลิโนนท่ีเช่ือมต่อกับวงเอมีนขนาดเล็ก  
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(5 เหล่ียม) โดยสังเคราะห์ได้จากสารตัวกลางท่ีมีหมู่  R2 เป็นอะตอมไฮโดรเจน ผ่านปฏิกิริยา 

ท่ีแตกต่างกนั 2 เง่ือนไข ทั้งในสภาวะท่ีเป็นเบส และในสภาวะท่ีเป็นกรด ส าหรับภายใตเ้ง่ือนไข

ปฏิกิริยาท่ี เป็นเบส สังเคราะห์อนุพันธ์  deoxyvasicinone ได้จากสารตัวกลาง 1-acetyl-2,3-

dihydro pyrrolo[2,1-b]quinazolin-9(1H)-one ผา่นปฏิกิริยาการปิดวงภายในแบบโดยตรง โดย

มีไอโอดีนเป็นตวักลางในการปิดวง ส าหรับภายใตเ้ง่ือนไขปฏิกิริยาท่ีเป็นกรด สังเคราะห์อนุพนัธ์ 

deoxyvasicinone ไ ด้ จ า ก  1-acetyl-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one ผ่ า น

ป ฏิ กิ ริย า  2  ขั้ น ตอน  ประกอบด้วย  α,α-dichlorination และ  intramolecular C–N bond 

cyclization โดยมี para-toluenesulfonic acid (PTSA) เป็นตวัเร่งปฏิกิริยา 
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ABSTRACT 

 

 Quinazolinones are natural alkaloids that play a crucial role in exhibiting a 

wide range of biological and pharmacological activities. Among them, ring-fused 

quinazolinones are commonly found in various natural alkaloids and synthetic 

molecules, showcasing a diverse array of bioactivities. In this study, we focused on 

synthesizing tricyclic quinazolinones. Medium and small-sized ring fused 

quinazolinones were achieved via direct cyclization of quinazolinone intermediates 

having tert-butyl ethylcarbamate and H as nitrogen substituents, respectively. Firstly, 

we focused on cyclic amine and urea moieties to fuse with quinazolinone skeletons to 

obtain novel 11-membered ring fused quinazolinones. Key intermediates were 

prepared through a copper-catalyzed domino reaction. We successfully incorporated 

an alkyl side chain with a functionalized amine moiety. The construction of the  
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11-membered ring urea moiety involved direct cyclization using 1,1'-

carbonyldiimidazole (CDI) of a diamino quinazolinone intermediate, which was 

generated through a series of steps including reductive amination and Boc-

deprotection. Secondly, we explored the synthesis of deoxyvasicinone derivatives, 

which are smaller-sized ring fused quinazolinones. The cyclization process for 

forming the smaller-sized ring was carried out under both basic and acidic conditions, 

resulting in the formation of two deoxyvasicinone analogues. Under basic conditions, 

1-acetyl-2,3-dihydro pyrrolo[2,1-b]quinazolin-9(1H)-one analogues were synthesized 

via direct cyclization in the presence of I2. Under acidic conditions, we synthesized 1-

acetylpyrrolo[2,1-b]quinazolin-9(3H)-one analogues through a two-step process 

involving α,α-dichlorination followed by intramolecular C–N bond cyclization, with 

para-toluene sulfonic acid (PTSA) serving as a catalyst. The developed synthetic 

strategies provide valuable insights into the preparation and modification of 

quinazolinone derivatives. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Introduction 

N-containing heterocyclic compounds are well known for their highly 

bioactivity potentials. A variety of N-heterocycles have been used for clinical drugs 

(Taylor et al., 2014). Nowadays, pathogens, which are a major cause of newly 

emerging diseases, have evolved to grow within humans (Mougari et al., 2020). To 

increase the opportunity for treatment, the development of new strategies for the 

synthesis of new biologically active molecules is significantly important and has 

drawn great attention from synthetic chemists. 

Quinazolinones with a 4H skeleton 1 (Figure 1), are one of the most important 

N-containing natural products. They were isolated from a diverse range of families of 

plants, microorganisms and animals (Rashmi et al., 2011).   

Figure 1 Core structure of 4H-quinazolinone 

 

These derivatives of quinazolinones are well known to display a wide range 

of biological and pharmacological activities. Based on literature research, over 40,000 

biologically active quinazolinones have been reported (Li et al., 2013). As shown in 

Figure 2, several examples of bioactive quinazolinones were evaluated for their 

specific properties. 3-(2-Carboxyphenyl)-4(3H)-quinazolinone (2) was found to 

exhibit anti-endotoxic activity. (E)-bogorin (3), (Z)-bogorin (4), (–)-fumiquinazoline 

H (5), and (–)-fumiquinazoline I (6) were observed to display antifungal activity.  

The thermogenic property was exhibited by 27-epi-tryptoquivaline (7) and  
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27-epinortryptoquivaline (8). Furthermore, luotonin F (9) showed anti-leukemia 

activity against P388 cell and anti-tumor activity. (Mashke et al., 2006).  

 

Figure 2 Examples of bioactive quinazolinones 

 

 

 

 

 

 

 

 

In addition, ring-fused quinazolinones are commonly found in a variety of 

natural alkaloids and synthetic compounds, which exhibit a broad spectrum of 

biological and pharmacological activities. Some examples are shown in Figure 3.  

(-)-vasicinone (10), a 5-membered ring fused quinazolinone, demonstrates 

bronchodilatory activity. Mackinazolinone (11), isolated from a species of 

Mackinlaya, has been shown to exhibit antidepressant activity. Rutaecarpine (12), 

isolated from Evodia rutaecarpa, has demonstrated antithrombotic activity and has 

been traditionally used in China as a medicinal herb to treat conditions such as 

abdominal pain, headache, amenorrhea and dysentery. Tryptanthrin (13), isolated 

from Candida lypolica, is well-known for its anti-inflammatory property. Luotonin A 

(14), a pyrroloquinazolinoquinoline alkaloid isolated from Peganum nigellastrum 

Bunge, has been found to possess inhibitory activity against topoisomerase I and 

topoisomerase II. Circumdatin C (15), isolated from a culture of the fungus 

Aspergillus ochraceus, showed radical scavenging activity. Isaindigotone (16) 

displayed antioxidant activity. Luotonin B (17) showed anti-leukemia activity against 
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P388 cell and anti-tumor activity1-methoxyrutaecarpine (18) exhibited anti-platelet 

aggregation activity, while 1-Methoxy-7,8-dehydrorutaecarpine (19) showed in vitro 

cytotoxicity against P-388 and HT-29 cell lines. Antimalarial activity was observed 

for 2-methoxyrutaecarpine (20) and 2-methoxy-13-methylrutaecarpine (21). 

Furthermore, (–)-asperlicin (22), asperlicin B (23) and asperlicin C (24) were found to 

act as agonists for the peptide hormone cholecystokinin (CCK)  (Demeunynck et al., 

2013). 

 

Figure 3. Example of ring-fused quinazolinone alkaloids 
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 Since we are interested in the synthesis of ring-fused quinazolinones, we will 

begin by introducing recent developments in the preparation of quinazolinone-

containing heterocycles. In 2012, He and co-workers reported a method for 

synthesizing tricyclic quinazolinones 28 from methyl N-cyano-2-nitrobenzimidates 

26. This method involved a condensation reaction of 26 with amine 25 to form 

cyanoimidate-amine I followed by reductive cyclization in an iron-HCl system, 

resulting in high yields of tricyclic quinazolinones 27. Moreover, these compounds 

could be reorganized into tricyclic quinazolinones 28 in good yields via the ring-

opening/ring-closing cascade under selective hydrolysis in basic or acidic conditions. 

(Scheme 1) (Yin et al., 2012). 

 

Scheme 1 The synthesis of tricyclic quinazolinones from methyl N-cyano-2-nitro- 

benzimidates 26 by He and co-workers 

 

 

 

In 2016, Huang and co-workers developed a one-pot copper-catalyzed 

domino reaction for synthesizing pyrido-fused quinazolinones from isatins 29 and  

2-bromopyridine (30) (Scheme 2a). The tandem features involved C–N/C–C bond 

cleavage and two C–N bond formations in a one-pot reaction. Ullmann-type coupling 

of isatins 29 and 2-bromopyridine (30), catalyzed by the low-cost catalyst 

Cu(OAc)2·H2O gave intermediate I followed by hydrolysis in the presence of base to 

cleave C–N bond provided a keto-acid intermediate II, which was isomerized to form 

imine III. Subsequently, addition-cyclization provided six-membered ring 
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intermediate IV via Pfitzinger-type reaction, followed by decarboxylation gave 

hydroxy intermediate V. Finally, the hydroxyl group of V was oxidized via copper-

mediated oxidation to afford expected quinazolinones 31, as shown in Scheme 2b. 

This method could be applied to a wide range of substrates having functional group-

tolerant, resulting in good to excellent yields (Liu et al., 2016). 

 

Scheme 2 A one-pot copper-catalyzed domino reaction for the synthesis of pyrido-

fused quinazolinones by Huang and co-workers 

 

a) 

 

b) 
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In 2014, Peng and co-workers reported the development for direct  

synthesis of quinazolinone-fused polycyclic heteroarenes 34 from phenyl-4-

quinazolinones 32 and symmetric diphenylacetylenes 33 via a ruthenium-catalyzed 

C–H functionalization (Scheme 3a). This procedure demonstrated regioselectivity in 

the presence of unsymmetric acetylenes, caused by the influence of steric hindrance 

(Scheme 3b). This reaction was successful with various substrate scopes and 

proceeded under mild conditions, resulting in moderate to high yields of 37-98%. 

Furthermore, they also found that the reaction did not occur when the amide group 

was blocked by the methyl group on 35b. This result indicated that the amide-

directing group played a crucial role in the transition metal-catalyzed transformation 

(Scheme 3c) (Lu et al., 2014).  

 

Scheme 3 Ruthenium-catalyzed reaction for the synthesis of quinazolinone containing 

polycyclic heteroarenes by Peng and co-workers 

 

a) 

 

b) 
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c) 

 

 

In 2014, Yao and co-workers reported a novel two-step process for 

synthesizing indolo[1,2-a]quinazolinones. The first step involves a copper-catalyzed 

Ullmann coupling between 2-iodobenzamides 39 and indole derivatives 40, while the 

second step involves a palladium-catalyzed intramolecular C–H amidation. 

Remarkably, this reaction proceeded under mild conditions without the need for a 

ligand, due to the ortho effect caused by N-phenylamide (Scheme 4) (Kotipalli et al., 

2014). 

 

Scheme 4 The synthesis of indolo[1,2-a]quinazolinones from 2-iodobenzamides and 

indole derivatives by Yao and co-workers 

 

 

 

 

In 2016, Yu and co-workers developed a photoredox strategy for the 

synthesis of tetracyclic pyrroloquinazolines 44. This reaction was accomplished 

through a visible light-promoted intramolecular single-electron transfer process 

between photocatalyst, fac-Ir(PPy)3, and N-(2-iodobenzyl)-N-acylcyanamides 43 

(Scheme 5a). The key transformation involves a single-electron transfer of N-
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acylcyanamide 43a to generate a radical intermediate I, following intramolecular 

radical cyclization to give a radical intermediate III. Then, one electron oxidation of 

III provides cation intermediate IV, which undergoes aromatization to form 

tetracyclic pyrroquinazoline 44a (Scheme 5b). This photoredox strategy proceeded 

under visible light irradiation at room temperature, providing pyrroloquinazoline 

derivatives 44 in good yields and avoiding the hazardous radical initiator AIBN and 

toxic n-Bu3SnH (Yu et al., 2016). 

 

Scheme 5 A photoredox strategy for the synthesis of tetracyclic pyrroloquinazolines 

by Yu and co-workers 

 

a) 

 

b) 

 

 

 Based on the previous works, most of the quinazolinone syntheses are 

constructed with small-sized rings (5- and 6-membered ring) fused with a 

quinazolinone scaffold through coupling synthesis and linear cyclization. In addition, 
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a small-sized ring unit was set before coupling with the quinazolinone skeleton. 

Moreover, we found that quinazolinones fused with medium-sized rings are rarely 

presented in the literature. Therefore, we are interested in the construction of them in 

order to expand the variety of quinazolinone systems.  

As part of our research group’s targets, we have been interested in discovering 

new methods for synthesizing a variety of N-containing heterocycles. In 2014, our 

research group reported the copper-catalyzed synthesis of quinazolinone derivatives 

using 2-iodobenzamides 45 and cyclic enaminone 46 as starting materials. This 

synthesis resulted in the desired quinazolinones ranging from low to good yields. 

(Songsichan et al., 2014). This reaction likely operated through a domino process 

involving Cu(I)-catalyzed C(aryl)–N bond formation, Michael addition, and retro-

Mannich reaction, as shown in Scheme 6. 

Scheme 6 Copper-catalyzed domino reactions of N-benzyl 2-iodobenzamide 45 with 

cyclic enaminone 46 by our group 
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In this procedure, we could prepare quinazolinone scaffolds that feature a 

tethered ketone at the C-2 position. The ketone moiety in 47 could be further 

functionalized with other functional groups. We envisioned that we could take 

advantage of this method by designing quinazolinones with nucleophile moiety in the 

structure and would synthesize ring-fused systems including small and medium-sized 

ring fused quinazolinones (Scheme 7). 

 

Scheme 7 The possible synthetic pathway of small and medium-sized ring-fused 

quinazolinones  

 

 

 

 

According to various types of cyclic moieties presented in organic 

molecules, particularly interesting moieties are cyclic amines, carbamates and ureas in 

ring-fused quinazolinones. These three types are widely encountered in natural 

products and bioactive molecules. Additionally, quinazolinones fused with these 

moieties are rarely presented in the literature, and their synthesis is a very challenging 

task.  

 Some natural products that contain cyclic amines are shown in Figure 4. 

Mugenic acid (48) contains an azetidine ring with three carboxylic functional groups. 

Sedamine (49), coniine (50), and solenopsin A (51) are composed of a piperidine ring. 

On the other hand, (‒)-cobacin T (52) contains a 7-membered azepane ring. 
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Figure 4 Some natural compounds containing cyclic amines 

 

 

Cyclic amines are not only found in natural products but also play a role in 

clinical drugs as shown in Figure 5 (Hameed et al., 2017). For example, procyclidine 

(53) is used in the treatment of drug-induced parkinsonism, akathisia, and acute 

dystonia. Mitiglinide (54), a succinic acid derivative, is a medication for the treatment 

of type 2 diabetes. In addition, epinastine (55), an antihistamine, is used to prevent 

itching in the eyes caused by allergic conjunctivitis. Lomitapide (56) is used as a 

lipid-lowering agent that operates by inhibiting the microsomal triglyceride transfer 

protein. Moreover, mefloquine (57), also known as mefloquine hydrochloride, is used 

as an antimalarial drug. 

 

Figure 5 Clinical drugs containing cyclic amines 
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Cyclic carbamates and ureas play a significant role in pharmaceutical 

chemistry, as shown in Figure 6. Tolxatone (58) shows antidepressant activity, while 

linezolid (59) displays antibiotic activity. Efavirons (60) is a synthetic antiretroviral 

drug for the treatment of HIV. Additionally, 5- and 6-membered cyclic ureas (61 and 

62) play an important role as potent and selective NK1 antagonists for the treatment 

of cough, inflammation, asthma, migraine, and depression (Shue et al., 2005). 

 

Figure 6 Potential drugs containing cyclic carbamate and urea structures  

 

 

 

Furthermore, medium-ring (8- to 12-membered) N-heterocycles have been 

found to exhibit a wide range of biological activities. These structural units are 

important parts of pharmaceutical compounds (Hussain et al., 2014). Haliclorensin 

(63) and halitulin (64) containing azacyclodecane ring display cytotoxic activity 

against mouse leukemia cells (Heinrich et al., 2001). Otonecine (65) and otosenine 

(66), containing eight-membered rings, have been shown to exhibit remarkable 

hepatotoxic and carcinogenic properties. Benzolactam-V8 67 having an eight-

membered lactam ring is a potent activator of protein kinase C (PKC) and exhibits a 

distinct pattern of tissue-specific expression, as shown in Figure 7 (Hall et al., 2016). 
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Figure 7 Medium-sized ring N-heterocycles 

 

 

 

 

As a result of their interesting biological activities and structural diversity of 

small and medium-sized ring amines, ureas, or carbamates, we then listed selected 

methodologies for their synthesis.  

Over the past decades, several methods for the formation of the C‒N bond in 

the synthesis of cyclic amines have received considerable attention. For example, 

Lindsley and co-workers applied a base-induced cyclization for the construction of  

N,N’-protected piperazines 71 from intermediates 70 which were prepared from 

aldehyde 68 via enantioselective chlorination and chemoselective displacement of the 

primary leaving group. The late stage of cyclization was carried out under the basic 

condition with KOtBu, resulting in good yields and high enantioselectivities, as 

shown in Scheme 8 (O’Reilly et al., 2012). 
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Scheme 8 Base-induced cyclization of N,N’-protected piperazine syntheses 71 

 

 

 

In addition, Chamberlin et al. reported an intramolecular cyclization of 

allylic alcohol 72 in 2008. This reaction smoothly occurred in the presence of Ph3P, 

I2, and imidazole to provide trans-pyrrolidine 73 in high yield and diastereomeric 

ratio (Scheme 9) (Vaswani et al., 2008). 

 

Scheme 9 Synthesis of trans-pyrrolidine 73 via intramolecular cyclization by 

Chamberlin and co-workers 

 

 

 

In 2006, de Figueiredo and co-workers developed an efficient method for the 

synthesis of functionalized PMP-protected 4-, 5- and 6-membered N-heterocycles 75 

through the activation of the hydroxyl group with carbonyldiimidazole (CDI) as an 

activating reagent. Both primary alcohols of amino alcohol 74 were activated by CDI 

generating carbamate 76, which was nicely cyclized along with decarbonylation to 

produce disubstituted pyrrolidine 75 resulting in 69% yield. In this strategy, a variety 
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of functional groups were tolerated in good yields. This reaction makes it a versatile 

and useful method for the synthesis of functionalized N-heterocycles (Scheme 10) (de 

Figueiredo et al., 2006). 

 

Scheme 10 The synthesis of functionalized PMP-protected N-heterocycles 75 by  

de Figueiredo and co-workers 

 

 

 

 

Moreover, N-Boc-protected aminoketones have been subjected to an 

intramolecular reductive amination. In 2006, Pei and co-workers reported the 

synthesis of cis-5-substituted prolines 79 from dicarbonyls 78 via TFA-mediated Boc 

deprotection and intramolecular cyclization in a one-pot reaction to form imines 79. 

Subsequently, hydrogenation of 79 followed by Boc-protection provided proline 

esters 80, yielding in overall 80%. However, this hydrogenation step must be 

performed under high pressure using 4 atm of hydrogen gas (Scheme 11) (Pei et al., 

2006). 
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Scheme 11 An intramolecular reductive amination for proline ester syntheses by Pei 

and co-workers 

 

 

 

In 2011, Fan and co-workers presented an excellent asymmetric 

hydrogenation of cyclic N-alkyl imines using a chiral cationic Ru-MsDPEN catalyst. 

This one-pot direct asymmetric reductive amination of 81 involves deprotection of 

Boc-group, intramolecular imine formation, and asymmetric reduction to produce 

cyclic amines 83 with excellent isolated yields and enantioselectivities (up to 98% ee) 

(Scheme 12) (Chen et al., 2011). 

 

Scheme 12 The one-pot direct asymmetric reductive amination of 81 by Fan and co-

workers 

 

 

 

 

 In 2017, Hou et al. also reported a one-pot enantioselective procedure for 

synthesizing cyclic amines through intramolecular reductive amination of N-Boc-

protected aminoketones 85. This methodology allowed for the synthesis of 5-, 6-, and 

7-membered N-heterocycles 86 with excellent yields and high enantioselectivities (up 

to 97% ee), as shown in Scheme 13 (Zhang et al., 2017). 

84 
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Scheme 13 A one-pot enantioselective synthesis of N-Boc-protected aminoketones 85 

via intramolecular reductive amination by Hou and co-workers 

 

 

 

 

Next, we focused on the synthesis of cyclic carbamates and ureas. Generally, 

these compounds are synthesized by utilizing hazardous and toxic reagents such as 

isocyanates, carbamoyl chloride, and phosgene. Accordingly, the discovery of cheap 

and mild reagents has been subjected to replace highly harmful procedures. Carbon 

dioxide (CO2) and 1,1’-carbonyldiimidazole (CDI), mild and the most widely used 

reagents, were presented as the C1 source of carbamate and urea syntheses.  

In 2014, Tomishige and co-workers reported the direct conversion of CO2 

with amino alcohols and diamines to cyclic carbamates and cyclic ureas using 

heterogeneous catalysts. 1,3-Oxazinan-2-one 88 was synthesized in excellent yields 

via CeO2-catalyzed carbonylative cyclization of amino alcohols 87 with high pressure 

of CO2. Both primary and secondary amines are allowed to undergo these conditions 

(Scheme 14a) (Tamura et al., 2014). Moreover, diamines 89 were also transformed to 

cyclic ureas 90 in these conditions (Scheme 14b). 
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Scheme 14 a) CeO2-catalyzed carbonylative cyclization for the synthesis of cyclic 

carbamates 88 b) for the synthesis of cyclic ureas 90 by Tomishige and co-workers 

 

a) 

 

 

b) 

 

In addition, Repo et al. also reported a facile method for synthesizing cyclic 

carbamates from amino alcohols 91 and carbon dioxide in the presence of an external 

base and p-toluenesulfonyl chloride (TsCl) as a hydroxyl group activating reagent. 

This procedure proceeded under mild conditions and produced various 5- and 6- 

membered ring carbamates 92 in moderate to good yields (Scheme 15a). The one-pot 

transformation involves the formation of carbamate salt from amino alcohol I and 

CO2 in the presence of Cs2CO3, followed by the tosylation of primary alcohol to 

create a leaving group, and a late-stage cyclization of III via intramolecular 

substitution (Scheme 15b) (Niemi et al., 2018). 
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Scheme 15 a) Carbon dioxide-based synthesis of cyclic carbamate 92 b) The one-pot 

transformation utilizing p-toluenesulfonyl chloride (TsCl) as an activating reagent by 

Repo and co-workers 

 

a) 

 

 

 

b)  

 

 

 From the utilization of CO2 as a carbonyl source, the reaction conditions 

typically require the high-pressure system of CO2 to install C1-carbonyl in the target 

molecules. As an alternative carbon source, carbonyl diimidazole (CDI) was reported.  

 In 2005, Reichard et al. successfully synthesized cyclic urea 94a from 

diamine 93a using CDI as a carbonylating reagent in tetrahydrofuran. The reaction 

resulted in the desired products with high yield (Scheme 16) (Shue et al., 2005). This 

reaction proceeded under mild conditions and can be utilized for the synthesis of five- 

and six-membered ring urea derivatives 94b. 
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Scheme 16 CDI cyclization of cyclic urea  

 

 

 

 

 

 

 

 Moreover, in 2012, Padiya et al. reported the use of CDI (96) as a carbonyl 

source for the preparation of ureas, carbamates, and thiocarbamates via imidazole 

carbonylation of amines in water. Amines 95 reacted with CDI to generate carbonyl 

imidazoles 97 which were stable in the water system. Subsequently, the nucleophilic 

substitution with various external nucleophiles provided a variety of ureas, 

carbamates and thiocarbamates. In addition, the products could be easily purified by 

filtration in high purity, making the method simple and scalable (Padiya et al., 2012) 

(Scheme 17). 
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Scheme 17 Unprecedented “in water” imidazole carbonylation 

 

 

 

To the best of our knowledge, the formation of cyclic amines, cyclic 

carbamates and cyclic ureas can be achieved using simple and scalable methods. 

Moreover, the synthesis of quinazolinones fused with medium-sized rings such as 

amines, ureas, or carbamates, are rare in literature. These medium-sized rings have 

been demonstrated as important moieties for biological activities. To expand the 

variety of quinazolinone systems, we plan to synthesize novel structural 

quinazolinones containing medium-sized rings of amines, ureas, or carbamates using 

the versatile quinazolinone adducts prepared by our developed method. 

With these plans in mind, N-containing medium-sized ring fused 

quinazolinones could be synthesized by applying the cyclization reaction of ketone 98 

having functionalized amine (Scheme 18), for example, A) medium-sized ring amine 

99 could be obtained via a direct reductive amination, B) medium-sized ring urea 100 

could be accomplished through a reductive amination with other nitrogen molecules 

to form an amine moiety, followed by urea formation with a carbonylating agent, and 

C) medium-sized ring carbamate 101 could be obtained via a reduction to provide 

alcohol, followed by a carbamate formation with a carbonylating agent. 
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Scheme 18 Plausible N-containing medium-sized ring fused quinazolinones 

 

 

In addition, we envisioned that not only medium-sized ring fused 

quinazolinones could be synthesized, but also 5- or 6-membered ring fused 

quinazolinone could be constructed from quinazolinone intermediate 102a having 

secondary amide, functionalized ketone, and α-ketone. For the formation of 6-

membered ring fused quinazolinones, linear cyclization could be obtained from 

secondary amide and functionalized ketone. This procedure was reported by Chern 

and co-workers in 1998 (Scheme 19). Tricyclic quinazolinone 104 was synthesized 

from quinazolinone precursor 102a through two linear steps including a reduction of 

ketone moiety to get secondary alcohol 103 followed by Mitsunobu reaction to form 

C–N bond of ring-fused quinazolinone 104, resulting in 56% yield (Chern et al., 

1998).  
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Scheme 19 The synthesis of 6-membered ring fused quinazolinone 104 by Chern and 

co-workers 

 

 Secondly, the compound 102a containing functionalized α-ketone could be 

formed by setting a leaving group on α-ketone followed by intramolecular C–N bond 

cyclization with secondary amide providing 5-membered ring fused quinazolinone 

106a (Scheme 20).  

Scheme 20 The plausible synthetic pathway of 5-membered ring fused quinazolinone 

 

 Based on our synthetic plan, the resulting products 106a are deoxyvasicinone 

analogues. These analogues are quinazolinone fused with a pyrrolidine ring, which 

have been isolated from aerial parts of an evergreen subherbaceous bush Adhatoda 

vasica. These compounds exhibit a range of bioactivities, including antianapthylactic, 

antitumor, anthelmintic, brochodilating and hypotensive activities (Lee et al., 2003). 

Due to their biological activities, numerous methodologies to synthesize 

deoxyvasicinone have been developed. Traditionally, the preparation of these 

derivatives involved the reaction of anthranilic acids and pyrrolidones or γ-

aminobutyric acids, as shown in Scheme 21. Condensation of anthranilic acid (107) 

and O-methylbutyrolactim (108) under refluxing temperature in benzene solution 
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provided the desired product 109 in the yield as high as 82% (Onaka, 1971) (Scheme 

21a). In 1976, Kametani and co-workers synthesized deoxyvasicinone from the 

reaction of unstable sulfonamide anhydride with O-methylbutyrolactim. Anthranilic 

acid (107) was heated with thionyl chloride to provide unstable sulfonamide 

anhydride 110 which was condensed with O-methylpyrrolidone (108) to 

regiospecifically give deoxyvasicinone  (109) in good yield. In this reaction, the 

unstable sulfonamide anhydride 110 was transformed to the iminoketene 111 which 

was condensed with 108 via (4+2) cycloaddition reaction (Kametani et al., 1976) 

(Scheme 21b). In addition, in 2003, Jahng and co-workers reported the synthesis of 

deoxyvasicinone utilizing lactam 112 and methy anthranilate 114 in the presence of 

POCl3. This procedure stared with treatment 2-pyrrolidone (112) with either 37.5% 

HCl or dry HCl to generate cyclic iminochloride 113 as an active intermediate 

followed by directly condensed with methyl anthranilate 114 to form deoxyvasicinone 

(109) in 88% yield (Lee et al., 2003) (Scheme 21c).  

Scheme 21 Traditional procedure for the preparation of deoxyvasicinone derivatives 

 a) By Onaka 

 

 b) By Kametani and co-workers 
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 c) By Jahng and co-workers 

 

 Furthermore, the aza-Wittig reaction was used as a key step to synthesize 

deoxyvasicinone reported by Eguchi and co-workers in 1989. The synthesis started 

with the reaction of 2-pyrrolidone (112) and acid chloride 115 in the presence of NaH 

as a base at room temperature followed by intramolecular aza-Wittig reaction to 

convert azide 116 providing deoxyvasicinone (109) in 99% yield. However, the 

cyclization step required heating at a higher temperature for 5 h (Takeuchi et al., 

1986) (Scheme 22). 

 

Scheme 22 Intramolecular aza-Wittig reaction for the synthesis of deoxyvasicinone 

 

 

 In addition, in 2004, Shafiee and co-workers synthesized deoxyvasicinone 

through intramolecular reductive cyclization as a key step. The reaction involved the 

coupling of 2-nitrobenzoic acid (117) with carbonyldiimidazole 96 to give compound 

118 followed by condensation with 2-pyrrolidone (112) providing nitro 119. 

Subsequently, reductive cyclization of nitro 119 in the presence of 10% Pd/C under 

40 psi of H2 gas provided deoxyvasicinone (109) in 98% (Ziaee et al., 2004) (Scheme 

23). 
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Scheme 23 The intramolecular reductive cyclization for the synthesis of 

deoxyvasicinone 

 

 

 Alternatively, tricyclic quinaolinones involved the direct cyclization could be 

accomplished. In 2001, Argade and co-workers applied the intramolecular Mitsunobu 

ring-closure reaction as a key step to form ring-fused system of deoxyvasicinone. The 

condensation of anthranilamide (120) and succinic anhydride (121) provided o-

amidosuccinanilic acid (122) in quantitative yield. The succinanilic 122 was treated 

with diazomethane in ether at room temperature afforded the ester 123 in quantitative 

yield. The ester 123 was then transformed to intermediate 124 via chemoselective 

reduction in the presence of LAH in THF at room temperature, followed by 

dehydrative ring closure under the aqueous workup catalyzed by LiOH to give 

pegamine (125) in 93% yield. Finally, pegamine (125) was transformed to 

deoxyvasicinone via intramolecular Mitsunobu ring-closure, yielding in 95% 

(Scheme 24) (Mhaske et al., 2001). 
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Scheme 24 Mitsunobu ring-closure reaction for the synthesis of deoxyvasicinone 

 

 

 

 In 2020, Ramirez and co-workers reported the formation of deoxyvasicinone 

through a free radical cyclization of N-alkyl iodode 126 utilizing dicumyl peroxide 

(DCP) as the sole reagent. Under the conditions, the thermal decomposition of DCP 

resulted in the formation of a methyl radical, which abstracted the iodine atom and 

released the alkyl radical 127. Subsequently, the cyclization of free-radical 

intermediate 127 afforded the deoxyvasicinone (109) in 80% yield. Moreover, this 

method can be used to prepare other fused-ring systems of quinazolinone derivatives 

(Scheme 25). 

Scheme 25 Peroxide-mediated radical cyclization of deoxyvasicinone 
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 Based on presented literatures, mostly deoxyvasicinone was obtained from 

the condensation reaction of corresponding anthranilic acids and pyrrolidone 

derivatives. The direct cyclization of parent quinazolinones were less explored 

compared to the mentioned condensation. Therefore, with our quinazolinones 102 

having a long alkyl chain containing ketone functionality will be ready for direct 

cyclization. The direct cyclization consists of α-halogenation followed by SN2-type 

cyclization. Hopefully, the cyclization would be accomplished in one-pot fashion 

(Scheme 26). In addition, the resulting product 106 will have acetyl moiety at the C2 

carbon in which this analogue of deoxyvasicinones has not been much explored. 

Therefore, our method will provide alternative ways to prepare deoxyvasicinones 

having functionality at C2 carbon. 

Scheme 26 Possible reaction for the synthesis of the small-sized ring fused 

quinazolinones 

 

 

 

 Nicely, in 2013, Zhang and co-workers reported the construction of 2-

acylindoles 130 and 2-acylindolines 133 via iodine-mediated intramolecular 

amination of -ketone. This method was efficiently performed under mild and basic 

conditions. Additionally, this process was modified by tuning the N-protecting groups 

of aminophenyl ketones. For the N-Ts protecting group, it was transformed to 2-

acylindoles 130 in high yields through the intramolecular -iodination of ketone to 

form the N–I intermediate 129, followed by cyclization to give 130 (Scheme 27a). In 

the case of the N-Boc protecting group, it was converted to 2-acylindolines 133 via 

direct -iodination of ketone 131 to form intermediate 132, which then underwent 

cyclization to afford 133 in high yields (scheme 27b). 
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Scheme 27 Iodine-mediated intramolecular amination of ketones 

 a) 

  

 

 b) 

  

 Based on Zhang’s finding and our quinazolinone 106, I2-mediated cyclizaton 

will be subjected to our study for direct cyclization for tryicyclic quinazolinone 

formation. 

 

1.2 Objectives 

1. To synthesize tricyclic quinazolinone having medium-sized cyclic amines, 

ureas or carbamates from tert-butyl 2-(4-oxo-2-(4-oxopentyl)quinazolin-3(4H)-

yl)ethylcarbamate. 

2. To synthesize five-membered ring fused quinazolinone, deoxyvasicinone 

derivatives, from 2-(4-oxopentyl)quinazolin-4(3H)-one  
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CHAPTER 2 

 

RESULTS AND DISCUSSION 

 

 To focus on the two core structures of quinazolinones, we separated this 

section into two parts. The first part discussed the synthesis of quinazolinones 

containing medium-sized N-heterocycles, while the second part investigated the 

synthesis of quinazolinones containing small-sized N-heterocycles. 

 

2.1 Synthesis of quinazolinones containing medium-sized N-heterocycles 

 In accordance with this plan, the synthetic approach will be initiated by copper 

coupling of 2-iodobenzamide 134a and cyclic enaminone 46a providing quinazolinone 

intermediate 135a. Subsequently, the medium-sized heterocycle will be synthesized 

through the linear heterocyclic formation, resulting in the generation of quinazolinone 

136 fused with a medium-sized ring (Scheme 28). 

Scheme 28 The synthetic approach for the synthesis of medium-sized ring fused 

quinazolinone 136 
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2.1.1 Optimization of quinazolinone synthesis via copper-catalyzed domino 

reaction 

In this section, we began with the optimization of reaction conditions for the 

formation of quinazolinones 135a. 2-Iodobenzamide 134a and cyclic enaminone 46a 

were chosen as model substrates for the copper-catalyzed domino reaction as shown in 

Table 1. A variety of variables were investigated, including copper salts, ligands, bases 

and solvents. 

Table 1 Optimization of reaction conditionsa 

 

 

 

Entry Cu Ligand Base Solvent Yield (%)b 

1 CuI proline Cs2CO3 ACN 63 

2 CuI proline Cs2CO3 Toluene 72 

3 CuI proline Cs2CO3 THF 83 

4 CuI proline Cs2CO3 DMF 0 

5 CuI proline Cs2CO3 DMSO 0 

6 CuI proline K2CO3 THF 0 

7 CuI proline K3PO4 THF 85 

8 CuI DMEDA K3PO4 THF 82 

9 CuI 
1,2-trans-

diaminocyclohexane K3PO4 THF 88 

10 CuI picolinic acid K3PO4 THF 78 

11 CuI no ligand K3PO4 THF 72 

12 CuCl 
1,2-trans-

diaminocyclohexane 
K3PO4 THF 67 

13 CuBr 
1,2-trans-

diaminocyclohexane 
K3PO4 THF 70 

14 Cu(OAc)2 
1,2-trans-

diaminocyclohexane 
K3PO4 THF 54 
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a Reaction conditions: 134a (0.5 mmol), 46a (0.6 mmol), catalyst (5 mol%), ligand  

  (10 mol%), Base (2.5 equiv), solvent (0.2 M), 90 oC, 15 h in a sealed tube. 

b Isolated yield. 

 

Initially, we began with 5 mol% of CuI as a catalyst, 10 mol% of proline as a 

ligand, and 2.5 equiv of Cs2CO3 as a base in 0.2 M of ACN at 90 oC for 15 h, based on 

our previous work. The reaction gave an expected quinazolinone 135a in 63% yield 

(entry 1). The reaction in toluene, a non-polar solvent, gave the product in a moderate 

yield, 72% (entry 2). With a slightly polar solvent, THF, the yield of quinazolinone was 

increased to 83% yield (entry 3). In contrast, more polar solvents, DMF and DMSO, 

gave no reaction (entries 4 and 5). Based on the results from the solvent experiments, 

it can be observed that the solubility affected the reaction. In the case of more polar 

solvents, the reactants were more soluble, however, due to the separation between 

molecules, the formation of new bonds was less likely to occur. In the case of a non-

polar solvent, the non-polar solvents likely exhibited limited solubility for both the 

reactants and the polar transition state. We then investigated various common bases for 

copper-catalyzed reactions. Surprisingly, the reaction with K2CO3 gave no product 

(entry 6). On the other hand, with K3PO4 the reaction produced a yield of comparable 

to that of Cs2CO3 (entry 7). Notably, the solubility of the base significantly influenced 

the reaction by facilitating the formation of a copper-complex intermediate and 

assisting the addition and cyclization steps. Some commercially available ligands were 

subjected to our investigation, such as DMEDA, 1,2-trans-diaminocyclohexane, and 

picolinic acid (entries 8-10). Our domino reaction was applicable to various ligands, 

resulting in high yields of product. With DMEDA the yield was 82% (entry 8). 

Changing the ligand to 1,2-trans-diaminocyclohexane, the yield was slightly increased 

to 88% (entry 9). Picolinic acid also gave a good yield (78%) of product (entry 10). 

Noteworthy, we reported that the reaction of cyclic enaminone and 2-iodobenzamide 

required the assistance of a ligand from previous quinazolinone formation. 

Interestingly, without an external ligand, the reaction also proceeded well giving 

quinazolinone with a good yield of 72% (entry 11). Based on these results, the diamino 

moiety of the 2-iodobenzamide 134a could function as a ligand allowing the reaction 

to perform smoothly. Lastly, we found that the counter ion of copper was crucial to the 
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reaction based on the dissociation and association of the counter ion and ligand in THF. 

The reaction with CuCl gave a moderate yield of 67% (entry 12). A similar result was 

found in the reaction with CuBr (entry 13). The Cu(OAc)2 also catalyzed this reaction. 

However, the yield of the product was moderate, 54% (entry 14). 

The substrate scopes for the Cu(I)-catalyzed domino synthesis of 

quinazolinones were examined under the optimal condition, the use of 5 mol % of CuI 

as a catalyst, 10 mol % of 1,2-trans-diaminocyclohaxane as a ligand, and K3PO4 as a 

base in THF (0.2 M) at 90 oC for 15 h (Table 2).  

Table 2 Substrate scopes for the CuI-catalyzed synthesis of quinazolinones from  

2-iodobenzamides 134 and cyclic enaminones 46 a 

 

Entry 2-Iodobenzamide Enaminone Quinazolinone 
Yield 

(%)b 

1 
 

134a 

 

46a 
 

135a 

88 

2 134a  

46b 
 

135b 

74 

3 134a 
 

46c 
 

135c 

0 

4 134a 
 

46d 
 

135d 

77 
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Table 2 (continued) 
 

Entry 2-Iodobenzamide Enaminone Quinazolinone 
Yield 

(%)b 

5 

 

 

 

134b 

46a 
 

135e 

80 

6 

 

 

 

 

134c 

46a 
 

135f 

70 

7 

 

 

 

134d 

46a  

135g 

54 

8 

134e 

46a 

 
135h 

77 

9 

 

 

 

134f 

46a 

 

135i 

78 

10 

 

 

 

134g 

46a 

 

135j 

74 
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11 

134h 

46a 

 

135k 

80 

a Reaction conditions: 0.5 mmol of 134, 0.6 mmol of 46, 1,2-trans- 

  diaminocyclohexane as a ligand. 
b Isolated yield. 

 

 

Firstly, we considered a series of six-membered cyclic enaminones (entries 1-

4). The 3-amino-6,6-dimethycyclohex-2-enone (46b) was applied to the reaction, 

resulting in good yield, 74% (entry 2), whereas no quinazolinone was formed with 3-

amino-5,5-dimethylcyclohex-2-enone (46c) (entry 3). Instead,  an adduct 135l of 

C(aryl)–N bond formation was obtained in 88% yield (Scheme 29). A different result 

was found when we subjected 3-amino-5-methylcyclohex-2-enone (46d) to the 

reaction. The yield of the product was 77% (entry 4). The results from the cyclic 

enaminone 46b and 46d suggested that the steric hindrance of geminal dimethyl 

blocked the intramolecular Michael addition of the intermediate adduct (Figure 8). 

 

Scheme 29 The reaction of 2-iodobenzamide 134a with 3-amino-5,5-dimethyl-  

cyclohex-2-enone (46c) 

 

 

  

 

 

  

134a 46c 
80%, 135l 
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Figure 8 The steric effect of geminal dimethyl for the intramolecular Michael addition 

of the intermediate adduct 

 

 

 The 2-iodobenzamides with halogen substituents, Br and Cl, were suitable in 

this reaction. A good yield, 80%, was obtained from the reaction of 5-bromo-2-

iodobenzamide (134b) (entry 5). 4-Chloro-2-iodobenzamide 134c also gave a product 

with a similar yield of 70% (entry 6). The 2-iodobenzamides having electron-

withdrawing substituents were also applicable to the reaction, although the yields of 

quinazolinone were slightly decreased. The reaction of 5-nitro-2-iodobenzamide 134d 

provided quinazolinone with a moderate yield, 54% (entry 7). Different results were 

found from the reaction of 4-amido-2-iodobenzamide 134e providing a corresponding 

quinazolinone 135h in a good yield, 77% (entry 8) . Notably, the presence of electron-

withdrawing substituents at para-position had an effect to reduce the electron density 

of iodine, leading to decrease the efficiency of the coupling process. Next, we explored 

the effect of electron-donating groups on 2-iodobenzamide. Encouragingly, we found 

that 2-iodobenzamides with mono- (134f and 134g) or dimethoxy (134h) substituents 

generally produced the corresponding quinazolinones with good yields, 78-80% 

(entries 9-11).  
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Based on the results of Scheme 29 and the previous report (Songsichan et al., 

2014), the possible mechanism suggested that the C(aryl)–N(enamine) bond was 

initially formed in the domino process. Therefore, the mechanism involves the 

association of CuI and 1,2-trans-diaminocyclohexane (137) to form the active Cu(I) 

complex XVI (Ma et al., 2008). Then, the oxidative addition of XVI and 2-

iodobenzamide 134 gave a complex XVII, followed by the ligand exchange with 

enaminone 46a to generate complex XVIII. The reductive elimination of XVIII took 

place to form the N-arylation intermediate XIX, followed by the intramolecular 

Michael addition providing a dihydroquinazolinone intermediate XX. The last step was 

the retro-Mannich reaction, giving a corresponding quinazolinone product XXI 

(Scheme 30). 

 

Scheme 30 The proposed mechanism of the Cu(I)-catalyzed domino reactions for the  

synthesis of quinazolinones 

 

 

 

 

 

 

 

 

 

 Since the reaction could perform without the additional ligand, the result 

suggested that the diamino moiety could function as internal ligand. Therefore, the 

possible mechanism of the reaction without an external ligand was described in Scheme 

31. The diamino moiety of 2-iodobenzamide 134a played the role of a ligand that 
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coordinated with CuI to generate complex XXII. Then, the oxidative addition of XXII 

formed the complex XXIII. Enaminone 46a performed as the nitrogen nucleophile to 

form complex XXIV, and then underwent reductive elimination to give intermediate 

XXV, followed by the sequential mechanism described in Scheme 30. 

 

Scheme 31 The possible mechanism of the reaction without an external ligand  

 

 

 

2.1.2 Synthesis of medium-sized cyclic amine fused quinazolinone 

 

Based on the structure of 135a, having both amine and ketone moieties. A series 

of attempts to install heterocycles will be discussed. 

   

2.1.2.1 The formation of 4-methyl-2,3,4,5,6,7-hexahydro-[1,4]diazonino[9,1-

b]quinazolin-13(1H)-one (116a).  

We initiated the synthesis of 9-membered cyclic amine fused with 

quinazolinone scaffold 139a. The synthetic route would be started with Boc-

deprotection of 135a, followed by reductive amination to form desired product 

(Scheme 32). 
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Scheme 32 The plausible approach for the synthesis of 9-membered cyclic amine            

fused with a quinazolinone scaffold 

 

 

 

We started with deprotection of the Boc-protecting group under acidic 

conditions using a 1:1 ratio of trifluoroacetic acid (TFA) in dichloromethane (DCM), 

which resulted in the formation of free amine 138a in an excellent yield of 95%. After 

having 138a in hand, we investigated the reductive amination of 138a using sodium 

triacetoxyborohydride (STABH), and sodium borohydride (NaBH4) as reducing agents 

(Abdel-Magid et al., 1996) (Table 3). Based on the screening test in Table 3, the 

desired product 139a was not obtained using the selected reducing agent, sodium 

triacetoxyborohydride (STABH) (entry 1) and sodium borohydride (NaBH4) (entry 3). 

Instead, we only obtained unidentified products without recovering starting material 

135a. Additionally, we also got the same result when acetic acid was added as a catalyst 

(entries 2 and 4). Presumably, the formation of a 9-membered cyclic imine is 

unfavorable. 

 

Table 3 The screening reaction conditions of reductive amination to form 139a 

 

Entry Conditions Result 

1 STABH (2.0 equiv), DCM, 0 oC to rt, 16 h. 
unidentified 

product 
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2 STABH (2.0 equiv), CH3COOH, DCM, 0 oC to rt, 16 h. 
unidentified 

product 

3 NaBH4 (2.0 equiv), DCM, 0 oC to rt, 16 h. 
unidentified 

product 

4 NaBH4 (2.0 equiv), CH3COOH, DCM, 0 oC to rt, 16 h. 
unidentified 

product 

 

Then, we decided to apply the Mitsunobu reaction to construct the cyclic 

amine moiety (Scheme 33) as an alternative approach. The quinazolinone adduct 135a 

would be converted to amino alcohol 140a with reduction and deprotection. Lastly, 

140a could readily undergo an intramolecular cyclization, providing the desired 

quinazolinone 139a. 

 

Scheme 33 An alternative cyclization of a medium-sized ring via the Mitsunobu 

reaction 

 

 

The reduction of quinazolinone adduct 135a was performed using 1.2 equiv of 

NaBH4 as a reducing agent at room temperature. Then, the crude reaction mixture was 

subjected to Boc-deprotection using TFA in DCM to produce the amino alcohol 140a 

in a quantitative yield. The crude mixtures of 140a underwent Mitsunobu reaction in 

the presence of  2.1 equiv of diethyl azodicarboxylate (DEAD) and 2.1 equiv of 

triphenylphosphine (PPh3) in toluene at room temperature for 16 h. Surprisingly, we 

found that DEAD moiety took into the part of undesired product 141a, while desired 

product 139a was not observed (Scheme 34). 
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Scheme 34 The ring formation of amino alcohol 140a via the Mitsunobu reaction 

 

 The plausible transformation of the undesired product 141a was shown in 

Scheme 35, based on Somfai’s finding (Olofsson et al., 2002). The triphenylphosphine 

(PPh3) combines with DEAD to form phosphonium intermediate I, which then binds to 

the oxygen of alcohol, resulting in the formation of oxyphosphonium III. This activates 

alcohol as a leaving group and eliminates nucleophilic intermediate II as a byproduct. 

The attack of intermediate II on intermediate III probably leads to the formation of 

intermediate IV followed by intramolecular 1,2-addition and subsequent elimination of 

an ethoxide ion yielding the undesired product 141a. Notice that the cyclization of a 

larger ring, an 11-membered ring, was more favorable than a smaller ring, a 9-

membered ring. 
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Scheme 35 The possible mechanism of the undesired tricyclic quinazolinone via the 

Mitsunobu reaction 

 

 

2.1.2.2 Synthesis of medium-sized cyclic carbamate fused quinazolinone 

 

 Since, we could not accomplish the 9-membered ring amine fused 

quinazolinone, we then moved our interest to apply a concept of inter/intra-molecular 

cyclization to enlarge ring size. Presumably, the flexibility of the larger ring size would 

allow a linear cyclization to take place. Additionally, based on the unexpected 11-

membered ring fused quinazolinone 141a from the reaction of quinazolinone 140a and 

DEAD, we then moved our focus to the formation of 11-membered ring fused 

carbamate or urea moiety. 

In 2012, Padiya and co-workers reported the synthesis of unsymmetrical urea, 

symmetric urea, carbamates, and thiocarbamates from simple amines 142 and other 

nucleophiles using a carbonyl diimidazole (CDI, 143) as a green and efficient 

carbonylating reagent (Scheme 36) (Padiya et al, 2012). This reaction could be 

performed in a water system and allowed the synthesis of various acyclic ureas, 

carbamates, and thiocarbamates in good yields. 
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Scheme 36 Unprecedented “in water” imidazole carbonylation using CDI as a 

carbonylating reagent 

 

 

 We then selected CDI as a carbonyl source to sew between tethered amine and 

alcohol moiety of quinazolinone 140a providing an 11-membered ring fused 

quinazolinone 145a (Scheme 37).  

 

Scheme 37 The synthetic plan for synthesis of cyclic carbamate fused quinazolinone 

 

A reduction of 135a followed by Boc-deprotection afforded the amino-alcohol 

quinazolinone 140a in high yield without a purification process. We then tested an 

intramolecular cyclization of 140a according to procedure reported by Padiya. 

Treatment 140a with 1.2 equivalents of CDI in water at room temperature gave 

medium-sized cyclic carbamate fused quinazolinone 145a in 56 %yield (Scheme 38). 
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Scheme 38 The synthesis of medium-sized cyclic carbamate fused quinazolinone 

145a 

 

 

In addition, various solvents, MeOH, tBuOH, DMSO, and DMF, were 

investigated (Table 4). Unfortunately, no desired products were obtained. We only 

observed the decomposition of the starting material, forming the unidentified product 

with high polarity. 

 

Table 4 The optimization of solvents for the synthesis of medium-sized cyclic  

carbamate fused quinazolinone 

 

Entry Solvent 
Yield of 

145a (%) 

1 Water 56 

2 MeOH 
unidentified 

product 

3 tert-butanol 
unidentified 

product 

4 DMSO 
unidentified 

product 

5 DMF 
unidentified 

product 

Reaction conditions: all reactions were performed with 

0.3 mmol, 15 ml of solvent. 
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Based on the 56% yield of 145a, we then investigated the variety of substrate 

scopes by screening substituent on the phenyl ring (Scheme 39). Unfortunately, cyclic 

carbamates were not observed. Only dimer products 146 were produced in this reaction. 

The dimer was confirmed by mass spectroscopy. This result suggested that O-

nucleophile may have less reactivity to cyclize the medium-sized ring and the formation 

of the urea moiety was readily achieved in this reaction. 

 

Scheme 39 The formation of undesired dimer 146 

 

2.1.2.3 Synthesis of medium-sized cyclic urea fused quinazolinone  

Due to uncertainty of the 11-membered carbamate formation, we turned our 

interest to sew up the third ring with urea moiety to obtain a 11-membered ring fused 

quinazolinones Due to their unique molecular structures,  11-membered rings are found 

in biologically active compounds and medicinally significant compounds (Hussain et 

al., 2014) The synthesis started with reductive amination with external amines, Boc-

deprotection followed by urea formation (Scheme 40). 

 

Scheme 40 The synthetic plan for the synthesis of medium-sized cyclic urea fused 

quinazolinone 
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Diamino precursor 147 was smoothly formed by the reductive amination with 

benzylamine using sodium triacetoxyborohydride as a reducing agent (Abdel-Magid et 

al., 1996), followed by Boc-deprotection mediated by trifluoroacetic acid (TFA). To 

cyclize diamino adduct, we applied a modified method using CDI as a carbonyl source 

with a variety of solvents under room temperature (Table 5). 

 

Table 5 The solvents screening for the synthesis of medium-sized cyclic urea  

fused quinazolinone 

 

 

Entry Solvent Time Yield (%) 

1 Water 16 h trace 

2 MeOH 16 h 
unidentified 

product 

3 tert-butanol 16 h 65b 

4 DMSO 16 h 
unidentified 

product 

5 DMF 16 h 
unidentified 

product 

6 CH3CN 16 h 
unidentified 

product 

7 toluene 16 h 
unidentified 

product 
a Reaction conditions: 147a (0.5 mmol), CDI (1.2 mmol), solvent 

(0.02 M), room temperature. b Isolated yield. 

 

 

 The results revealed that the corresponding quinazolinone fused with medium-

sized ring urea 148a was formed in 65% yield by using tert-butanol as a solvent (entry 

3) over three steps from 135a, whereas other solvents led to the formation of 
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unidentified products. We then used this condition to access the tricyclic 

quinazolinones with various substituents. The substrate scopes with halogen 

substituents, Br and Cl, were suitable in this reaction. The reaction yielded a respective 

58% and 52% for these substrates. For the electron-donating groups on the aryl ring, 

either 4-OMe or 5-OMe gave moderate yields of 57%, and 55%, respectively. On the 

other hand, having the nitro group at the fifth position on the aryl ring, the yield slightly 

decreased to 48% due to their high polarity and reduced solubility in the solvent used 

for the reaction. (Scheme 41). 

Scheme 41 Substrate scopes of medium-sized cyclic urea fused quinazolinone 

 

 

 

 
148a, 65% 

 
148b, 58% 

 
148c, 62% 

 
148d, 57% 

 
148e, 55% 

 
148f, 48% 

Reaction conditions: 135a (0.5 mmol), CDI (1.2 mmol), tert-butanaol (0.02 M). 
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2.2 Synthesis of Quinazolinones Containing Small-Sized N-Heterocycles 

 In this section, we focused on the synthesis of the small-sized ring fused 

quinazolinone. A small-sized ring refers to a ring that contains 3-7 carbon atoms and is 

fused with a quinazolinone core, forming a variety of quinazolinone derivatives found 

in various natural compounds. The synthetic pathway started with the preparation of 

quinazolinone intermediate 102 from 2-iodobenzamides 149 and cyclic enaminones 

46a via a copper-catalyzed coupling reaction. Then, the intermediate 102 could be 

transformed into two different deoxyvasicinones (Scheme 42) based on the C–N bond 

formation between N (amide) and C (alpha carbon) 

Scheme 42 The synthetic pathway for synthesizing Small-Sized N-Heterocycles fused 

quinazolinone 

 

 

2.2.1 Optimization and Substrate Scopes of Quinazolinone Adduct via Copper-

Catalyzed Domino Reaction 

We started this section with the preparation of model quinazolinone core 102, 

cyclized precursor, via Cu-catalyzed cascade reaction reported by our group in 2014 

(Songsichan et al., 2014). 
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Table 6 Optimization of reaction conditions for the copper-catalyzed domino reaction 

of 2-iodobenzamide (149a) with cyclic enaminone 46a to form quinazolinone  

adduct 102aa 

 

Entry Cu-salt Ligand Base Solvent 
Yieldb 

(%) 

1 CuI  
1,2-diamino 

cyclohexane 
Cs2CO3 THF  29 

2 CuI 
1,2-diamino 

cyclohexane 
K3PO4  THF 22 

3 CuI 
1,2-diamino 

cyclohexane 
K2CO3 THF trace 

4 CuI 1,2-diamino 

cyclohexane Et3N THF 0 

5 CuI 
1,2-diamino 

cyclohexane 
Cs2CO3 DMSO 22 

6 CuI 
1,2-diamino 

cyclohexane 
Cs2CO3 DMF 16 

7 CuI 
1,2-diamino 

cyclohexane 
Cs2CO3 MeCN 16 

8 CuI 
1,2-diamino 

cyclohexane 
Cs2CO3 Toluene trace 

9 CuI Proline  Cs2CO3
 THF 52 

10 CuI DMEDA  Cs2CO3
 THF 20 

11 CuI 1,10-phenanthroline Cs2CO3
 THF 54 

12 CuCl 1,10-phenanthroline Cs2CO3
 THF 47 

13 CuBr 1,10-phenanthroline Cs2CO3
 THF 53 

14 Cu(OAc)2
 1,10-phenanthroline Cs2CO3

 THF 58 

a Reaction conditions; all reactions were performed with 0.3 mmol of amide 149a, 1.5 

equiv of cyclic enaminone 46a, 5 mol % of Cu salt, 10 mol % of ligand, 2.5 equiv of 

base, 1.5 mL of solvent, for 18 h. 

b Isolated yield. 
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 Our investigation commenced with reaction optimization using iodobenzamide 

149a and cyclic enaminone 46a as model substrates (Table 6). Various bases were 

screened in the presence of 5 mol % of CuI as the copper source, 10 mol % of 1,2-

diaminocyclohexane as a ligand and THF as a solvent by heating at 90 oC for 15 h. 

According to the report from our previous work, THF was a solvent of choice for this 

type of 2-iodobenzamide coupling reaction. The reaction with Cs2CO3 as the base gave 

102a in 29% yield (entry 1), whereas using K3PO4 and K2CO3 provided low yields of 

102a, 22% and trace amount, respectively (entries 2–3). Presumably, the low solubility 

of K2CO3 in THF results in a trace amount of product. Unfortunately, changing the base 

to an organic base, Et3N, no product was observed (entry 4). Switching the solvents 

from THF to the more polar solvents, DMSO, DMF, and MeCN, for enhancing the 

solubility of the base, did not significantly improve the yields (entries 5–7). In addition, 

a trace amount of product was observed from the reaction using a nonpolar solvent, 

toluene (entry 8). Based on solvent exploration, the solubility of substances and 

reagents play a crucial role in the reaction. In nonpolar solvents, the reagents remained 

undissolved, resulting in a trace amount of product formation. Next, we turned our 

focus to a variety of common ligands for a copper coupling reaction. The utilization of 

proline as a ligand gave the product 52% yield, whereas the yield was slightly dropped 

with DMEDA, 20% yield (entry 10). Gratifyingly, the yield was improved to 54% when 

using 1,10-phenanthroline as a ligand (entry 11). Other copper salts were also 

investigated (entries 12–14). Comparable yields were found from CuCl and CuBr, 

giving the product in 47% and 53% yields, respectively (entries 13 and 14). 

Interestingly, Cu(OAc)2 provided the expected product 102a with the best result, 58% 

yield (entry 15). Possibly, the dissociation of Cu-counter ions and association of Cu-

ligand played a certain role in the reaction in THF resulting in the best result from 

Cu(OAc)2. Based on the exploration of the reaction condition, we summarized that the 

use of 5 mol % of Cu(OAc)2 as the catalyst, 10 mol % of 1,10-phenanthroline as the 

ligand, 2.5 equiv of Cs2CO3 as the base and THF as the solvent at 90 oC for 16 hours 

was the optimal conditions for this reaction. 
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The broad spectrum of 2-iodobenzamides was applicable to the reaction and 

the results were summarized in Table 7. 

 

Table 7 Substrate scopes for the copper-catalyzed reaction of quinazolinone from 2-

iodobenzamides 149 and cyclic enaminones 46aa 

 

 

Entry 2-Iodobenzamide Enaminone Quinazolinone 
Yield 

(%)b 

1 
 

149a 

 

46a  

102a 

58 

2 
 

149b 

46a 
 

102b 

52 

3 
 

149c 

46a 
 

102c 

62 

4 
 

149d 

46a 
 

102d 

55 
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2-Iodobenzamide, which contains halogen atoms on an aryl ring, were suitable 

in this reaction. The reaction of 5-bromo-2-iodobenzamide (149b) gave the yield of 

52% (entry 2). In addition, 4-Chloro-2-iodobenzamide (149c) yielded the 

corresponding quinazolinone in 62% (entry 3). The presence of the halogen atom 

enhances the reactivity of the coupling adduct by increasing the electron density of 

coupling carbon. An investigation was conducted on various 2-iodobenzamides with 

electron-donating or electron-withdrawing on an aromatic ring. The reaction of 5-

methoxy-2-iodobenzamide (149d) and 4-methoxy-2-iodobenzamide (149e) gave the 

yield of the coupling product in 55% (entry 4) and 56% (entry 5), respectively, while 

the 4,5-diOMe quinazolinone provided a yield of 52% (entry 6). The electron-donating 

groups on an aryl ring have influenced the reaction by increasing the electron density 

5 
 

149e 

46a 
 

102e 

56 

6 
 

149f 

46a 
 

102f 

52 

7 
 

149g 

46a 
 

102g 

22 

8 149a 
 

46c 
 

102h 

54 

a Reaction conditions; all reactions were performed with 0.5 mmol of amide 149,  

1.5 equiv of cyclic enaminone 46, 5 mol % of Cu salt, 10 mol % of ligand, 2.5 equiv 

of base, 2.5 mL of solvent, for 16 h. 

b Isolated yield. 
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of coupling carbon resulting in increasing the product yield. On the other hand, 5-nitro-

2-iodobenzamide (149g), which contains an electron-withdrawing group, resulted in a 

low yield of a corresponding quinazolinone 102g, 22% (entry 7). This can be ascribed 

to the electron-withdrawing group reducing the electron density and affecting the 

coupling process. Next, we turned our focus to cyclic enaminones. In addition, having 

geminal dimethyl on C-6 provided the desired product in 54% (entry 8). Interestingly, 

based on the previous work (Saebang et al., 2022), the cyclic enaminone having 

geminal dimethyl on C-6 could not undergo intramolecular Michael addition due to the 

steric hindrance. On the contrary, the cyclic enaminone performed intramolecular 

Michael addition smoothly with primary amide substances (-CONH2). Presumably, 

primary amide reduced steric hindrance between geminal dimethyl groups and the N-

alkyl side chain (Figure 9). 

 

Figure 9 The steric effect of geminal dimethyl of cyclic enaminone with N-alkyl amide 

 

 

 

  



54 

2.2.2 Synthesis of Deoxyvasicinone Derivatives 

After we had quinazolinone 102a in hand, we focused on the construction of 

the third ring via linear cyclization. One of the most common methods to construct N–

C(alpha) bond is alpha carbon activation. The alpha carbon activation could be 

accomplished from both basic and acidic conditions. Therefore, we explored both 

conditions for the formation of five-membered fused quinazolinones (Scheme 43). 

Scheme 43 The synthetic route for the formation of five-membered fused 

quinazolinones 

 

 

 

2.2.2.1 Synthesis of Deoxyvasicinone Derivatives under Basic Conditions    

 Having the idea of alpha functionalization followed by cyclization in mind, we 

commenced our investigation of the intramolecular cyclization process by conducting 

a screening of reactions under basic conditions with common halogenating reagent. 

This screening aimed to explore the intramolecular cyclization of quinazolinones 

(Table 8).  
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Table 8 Screening halogenating reagent in basic conditions  

 

 
 

Entry Conditionsa Resultb 

1 I2 (1.5 equiv), K2CO3 (3.0 equiv), MeOH (0.1 M), 60 oC, 16 h 
106a 

(32%) 

2 NIS (1.5 equiv), K2CO3 (3.0 equiv), MeOH (0.1 M), 60 oC, 16 h 
106a 

(22%) 

3 
NBS (1.5 equiv), K2CO3 (3.0 equiv), MeOH (0.1 M), 60 oC,  

16 h 

106a 

(15%) 

4 
NCS (1.5 equiv), K2CO3 (3.0 equiv), MeOH (0.1 M), 60 oC,  

16 h 

106a 

(trace) 
a Reaction conditions: all reactions were performed with 0.5 mmol of 102a 

b Isolated yield 

 

Based on Zhang’s findings, we applied their procedure in our study which 

involved the screening of reactions to further explore the reaction conditions. The 

screening reaction was initiated by subjecting 102a to I2 (1.2 equiv) and K2CO3 (3.0 

equiv) in MeOH, resulting in the desired product 106a with a yield of 32% (entry 1). 

The halogen sources, NIS, NBS, and NCS, were subjected to investigation. The reaction 

with NIS and NBS exhibited a slight decrease in yield, resulting in 22% and 15%, 

respectively (entries 2 and 3). Conversely, the reaction involving NCS yielded a trace 

amount of the desired quinazolinone product (entry 4). Based on these findings, I2 was 

chosen as the halogen source for this transformation.  
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 In order to investigate the reaction conditions for the iodine-mediated 

intramolecular cyclization, a range of bases, solvents, and temperatures were examined 

(Table 9). 2-(4-oxopentyl)quinazolin-4(3H)-one (102a) was chosen as a model 

substrate. 

 

Table 9 Optimization of reaction conditions of iodine-mediated intramolecular 

cyclization of 2-(4-oxopentyl)quinazolin-4(3H)-one (102a)a 

 
 

Entry 
Halogen-

source 
Base Solvent 

Temp. 

(oC) 

Yield 

(%)b 

1 I2 K2CO3  MeOH 60 32 

2 I2 Cs2CO3 MeOH 60 39 

3 I2 K3PO4 MeOH 60 trace 

4 I2 
tBuOK MeOH 60 trace 

5 I2 DBU MeOH 60 0 

6 I2 Cs2CO3 DMSO 90 72 

7 I2 Cs2CO3 DMF 90 0 

8 I2 Cs2CO3 MeCN 90 trace 

9 I2 Cs2CO3 CHCl3 90 0 

10 I2 Cs2CO3 DMSO 110 68 

11 NIS Cs2CO3 DMSO 90  45 

12 NBS Cs2CO3 DMSO 90 40 

13 NCS Cs2CO3 DMSO 90 0 

a Reaction conditions; all reactions were performed with 0.5 mmol of 102a,  

1.5 equiv of halogen source, 2.5 equiv of base, 5.0 mL of solvent, for 16-18 h. 

b Isolated yield. 
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As mentioned in Table 8, the tricyclic quinazolinone product 106a was 

obtained in 32% from modified Zhang’s procedure using 1.5 equivalents of I2 2.5 

equivalents of K2CO3 in MeOH (entry 1). Next, we focused on various common bases. 

The yield of 106a slightly increased to 39% by using Cs2CO3 (entry 2). Trace amounts 

of the desired product were obtained from the reaction using K3PO4 and t-BuOK as the 

bases (entries 3 and 4). This suggested that the solubility of bases in solvent influenced 

the reaction. Unfortunately, the organic base, DBU, was not suitable for the reaction 

giving no product (entry 5). We then attempted to increase the yield by exploring other 

common solvents and increasing the reaction temperature to 90 oC. Changing the 

solvents to DMSO dramatically increased the product yield by 72% (entry 6). Less 

polar solvents, such as DMF, MeCN, and CHCl3 as solvents provided trace amounts or 

no product (entries 7–9). Additionally, the attempt to increase the product by elevating 

the reaction temperature failed. A comparable yield of product was obtained from the 

reaction with 110 oC in DMSO (entry 10). Lastly, halogenating reagents, such as NIS, 

NBS, and NCS, were subjected to the investigation. The yields were diminished to 45 

and 40% from the reactions using NIS (entry 11) or NBS (entry 12), respectively. No 

product was obtained from NCS (entry 13). 

With the optimized reaction conditions in hand, we then turned our focus on 

the substrate scope (Table 10). 
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Table 10 Substrate scopes of iodine-mediated intramolecular cyclization for the 

synthesis of deoxyvasicinone derivatives 106 

 

 

 

Entry 
Quinazolinone 

intermediate 
Deoxyvasicinone 

Yield 

(%)b 

1 
 

102a 

 

106a 

72 

2 
 

102b 

 

106b 

59 

3 
 

102c 

 

106c 

64 

4 
 

102d 

 

106d 

60 

5 
 

102e 

 

106e 

60 
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For this study we mainly focused on the substituents on the aryl ring of 

quinazolinone 102 (Table 10). Halogen substituents on the aryl ring resulted in 

moderate yields of the desired product. The introduction of a 5-Br substituent on the 

aryl ring yielded 59% of the corresponding product 106b (entry 2). Comparable yield 

of 64% was obtained from a reaction of 4-chloro substituted quinazolinone 106c (entry 

3). The substrates with electron-donating substituents also gave moderate yields of 

products. Both 5-OMe (entry 4) and 4-OMe (entry 5) quinazolinones yielded the same 

results, giving the corresponding products in 60% yield (106d and 106e). Having two 

methoxy groups were also applicable to the reaction. The 4,5-diOMe quinazolinone 

provided product 106f in 66% yield (entry 6).  In addition,  the presence of an electron-

withdrawing group in the substrate resulted in a lower yield compared to those of 

substrates having an electron-donating group. The 5-NO2 quinazolinone 106g gave 

trace amount of product (106g, entry 7). Based on the results, we believed that the 

electronic effect of the aryl ring played a certain role in the nucleophilicity of primary 

amide nitrogen. Furthermore, a steric hindrance of the alpha carbon side chain affected 

6 
 

102f 

 

106f 

66 

7 
 

102g 

 

106g 

trace 

8 
 

102h 

 

106h 

58 

a Reaction conditions; all reactions were performed with 0.5 mmol of 102,  

1.5 equiv of I2 , 2.5 equiv of Cs2CO3, 5.0 mL of DMSO under 90 oC, for 16-18 h. 

b Isolated yield. 
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the reaction. The product was obtained in 58% from quinazolinone having geminal 

dimethyl substituents on the side chain (106h, entry 8) when comparing to 72% of 

product 106a (Table 10). 

 Next, we turned our interest to possible mechanism transformation. We 

initially suggested that iodoform I, resulting from iodination, served as a key 

intermediate for cyclization (Scheme 44, pathway A). The transformation began with 

the formation of iodoform I as a key intermediate from iodination of 102a followed by 

an intramolecular cyclization providing desired quinazolinone 106a. Alternatively, 

Komatsu and co-workers reported that they observed the presence of a N-iodinated 

intermediate during the cyclization of N-alkenylamides (Minakata et al., 2006). 

Additionally, Zhang and co-workers reported the formation of a N-iodinated 

intermediate in the synthesis of 2-acylindoles (Gao et al., 2013). This intermediate was 

formed through intramolecular iodination. Based on these previous studies, we 

proposed an alternative mechanism for the reaction, as depicted in Scheme 44 

(pathway B). Initially, the nitrogen of the secondary amide undergoes iodination, 

forming the N-iodinated intermediate II. Subsequently, intramolecular iodination of the 

enolate leads to the formation of α-iodo ketone III, which smoothly undergoes 

intramolecular cyclization to yield acetyl deoxyvasicinone 106a. 

Scheme 44 Initially proposed mechanism of iodine-mediated intramolecular 

cyclization 
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 In order to prove the proposed mechanism, we conducted a control experiment 

of the reaction using N-methylamide quinazolinone 151 as a substrate (Scheme 45). 

We introduced the methyl substituent on amide nitrogen. Hopefully, we could observe 

the formation of intermediate 151 to assure the possibility of the first mechanism 

pathway. However, iodinated intermediate 152 was not observed in the control 

experiment. We observed only substrate 151. 

 

Scheme 45 Iodine-mediated intramolecular cyclization of N-methylamide 

quinazolinone 

 

 

 

 Based on the control experiment, the presence of the nitrogen atom in the 

0amide moiety played a crucial role in facilitating this transformation. Therefore, we 

believed that the chemical transformation underwent through the second pathway. 

 We mentioned that the alpha-carbon could get activated by both basic and 

acidic conditions. We already described how the third rings of 2-acetyldeoxyvasicinone 

were installed via basic conditions. Next, we introduced the formation of the third ring 

from acidic conditions. 
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2.2.2.2 Synthesis of Deoxyvasicinone Derivatives under Acidic Conditions 

 

 We began the investigation with exploration of halogenation reagents in the 

presence of trifluoroacetic acid (Table 11). The exploration reaction with acidic 

conditions was begun with a modified condition reported from Marigo and co-workers 

(Marigo et al., 2004). Marigo showed that in the presence of 4,5-diphenylimidazolidine 

as a catalyst, NCS as a chlorinating agent and trifluoroacetic acid (TFA) as an additive, 

the corresponding alpha-chlorinated products were formed smoothly. Our first 

exploration, we used L-proline as catalyst. Unfortunately, we did not observe the 

expected tricyclic quinazolinone 106a. We only observed the formation of mono 

chlorination at alpha-carbon (153a) together with the remaining starting material 102a 

with the ratio of 0.3:1.0 (102a:154a) (entry 1). Interestingly, without L-proline, we did 

not observe 154a or tricyclic 106a. Instead, we observed the formation of geminal 

dichloro quinazolinone 154a together with the remaining 102a in the ratio of 0.4:1.0 

(entry 2). These results indicated that having mono chloro substituent at the alpha-

carbon enhanced reactivity in the formation of geminal dichlorination under the acid 

condition. Based on these results, we envisioned that the tricyclic 106a could not be 

formed in the presence of acid, since we could not observe the 106a from both entries 

1 and 2. Presumably, in the TFA condition, the nitrogen of the quinazolinone ring would 

be low nucleophilicity due to protonation by acid media. 
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Table 11 Screening halogenating reagent in acidic conditions 

 

 

 

Entry Conditions Result 

1 
NCS (1.2 equiv), L-proline (20 mol%), TFA (20 mol%), 

CH2Cl2 (0.1 M), 40 oC, 16 h. 

102a : 153 

(1 : 0.3) 

2 
NCS (1.2 equiv), TFA (20 mol%), CH2Cl2 (0.1 M), 40 oC,  

16 h. 

102a : 154  

(1: 0.4) 

3 
NCS (2.0 equiv), TFA (20 mol%), CH2Cl2 (0.1 M), 40 oC,  

16 h. 
154a (78%)b 

4 
NBS (2.0 equiv), TFA (20 mol%), CH2Cl2 (0.1 M), 40 oC,  

16 h. 
155a (66%) 

5 
NIS (2.0 equiv), TFA (20 mol%), CH2Cl2 (0.1 M), 40 oC,  

16 h. 
156a (65%) 

6 
I2 (2.0 equiv), TFA (20 mol%), CH2Cl2 (0.1 M), 40 oC,  

16 h. 
156a (60%) 

a Reaction conditions; all reactions were performed with 0.5 mmol of 102a,  

b Isolated yield for entries 3-6  

 

 

 Although we failed to form 106a, we obtained a geminal dichloro adduct 

(entry 2). Luckily, we found that Sharon and co-workers used H2SO4 as an acid catalyst 

to transform geminal dichlorinated compound into 1,2-diketone (Sharon et al., 1995). 

Based on Sharon’s finding, we hypothesized that the α,α-dichlorinated quinazolinone 

154a could be converted into the 1,2-diketone 156a, which would subsequently 

undergo intramolecular cyclization to form a 5-membered ring fused quinazolinone 

157a (Scheme 46). 
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Scheme 46 The proposed alternative route to synthesize deoxyvasicinone derivatives 

under acidic conditions 

 

 

 With the idea of utilization of geminal dichloro quinazolinones, we then turned 

our focus on the reaction optimization in order to obtain the highest yield of geminal 

dichloro 154a. The yield of geminal dichlorinated product 154a increased to 78% by 

employing 2.0 equivalents of NCS (entry 3). Additionally, various halogen sources 

were investigated. Substituting NCS with NBS under similar conditions resulted in the 

formation of the geminal dibrominated product 155a with a yield of 66% (entry 4). 

Surprisingly, the utilization of NIS or I2 as halogen sources provided the 1,2-dicarbonyl 

product 156a in 65% and 60% yield, respectively (entries 5 and 6).  

 After the condition of geminal dichloro formation was achieved, we explored 

reaction conditions for linear cyclization to obtain tricyclic quinazolinone 157a 

including acid catalyst, additives, solvents, and reaction temperatures (Table 12).  

The 2-(3,3-dichloro-4-oxopentyl)quinazolin-4(3H)-one (154a) was selected as a model 

substrate. 
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Table 12 Optimization of reaction conditions for the acid-catalyzed intramolecular 

cyclization of 2-(3,3-dichloro-4-oxopentyl)quinazolin-4(3H)-one (154a) to form 1-

acetylpyrrolo[2,1-b]quinazolin-9(3H)-one (157a) 

 

Entry Acid Additive Solvent Yield (%)c 

1a H2SO4(98%) - DMSO 44 

2 TFA - DMSO 41 

3 HCl - DMSO 38 

4 CH3COOH - DMSO trace 

5 PTSA - DMSO 51 

Entry Acid Additive Solvent Yield (%)c 

6b PTSA 50 mol% H2O 1.0 equiv DMSO 57 

7 PTSA H2O 1.0 equiv DMF 37 

8 PTSA H2O 1.0 equiv MeCN trace 

9 PTSA H2O 1.0 equiv CHCl3 trace 

10 PTSA H2O 1.0 equiv toluene 0 

11 PTSA H2O 1.0 equiv dioxane 0 

12 PTSA 50 mol % H2O 2.0 equiv DMSO 62 

13 PTSA 1.0 equiv H2O 2.0 equiv DMSO 67  

14 PTSA 1.0 equiv H2O 5.0 equiv DMSO 55 

15 PTSA 1.0 equiv H2O 10.0 equiv DMSO 50 
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16 PTSA 1.0 equiv H2O 2.0 equiv DMSO 48d 

a Reaction condition: 0.5 mmol of 154a, 50 mol % of acid catalyst without additive, 

2.5 mL of solvent at 90 oC for 16-18 h. 

b 1.0 equiv of H2O was added as an additive. 

c Isolated yield. 

d Yield calculated over 2 steps from preparation of ,-dichlorination without 

purification. 

 

Firstly, we conducted an optimization of various acids. Gratefully, with 

modified Sharon’s conditions, the use of H2SO4 as a catalyst in DMSO at 90 °C 

provided the desired product 157a in a 44% yield (entry 1). The yields were slightly 

dropped when using TFA, HCl, and CH3COOH as catalysts (entries 2–4). The reaction 

with TFA gave the desired product with a yield of 41% (entry 2). The use of HCl 

resulted in a decreased yield to 38% (entry 3). Surprisingly, a trace amount of 157a was 

obtained when employing CH3COOH as a catalyst (entry 4). Additionally, the 

increased yield of 157a, reaching 51%, was achieved when using p-toluenesulfonic acid 

(PTSA) as the catalyst (entry 5). The addition of 1.0 equiv of H2O as an additive was 

implemented to increase the polarity of the system (entry 6). This resulted in an 

improved yield of 157a, reaching 57%. Other solvents were also investigated. The yield 

dramatically dropped to 37%, in DMF (entry 7), whereas a trace amount was obtained 

when using MeCN or CHCl3 as solvents (entries 8 and 9). No product was observed in 

nonpolar solvents such as toluene and dioxane (entries 10 and 11). These observations 

suggested that the reaction required a high polarity of the solvent system. It can be 

presumed that the transition states that occurred during the reaction were high polarity.  

Subsequently, the amount of the PTSA and H2O was investigated. Upon 

adding 2.0 equivalents of H2O, a slight increase in yield to 62% was observed (entry 

12). Notably, when using 1.0 equivalent of PTSA and 2.0 equivalents of H2O, the yield 

was further improved to 67% (entry 13). However, upon increasing the amount of H2O 

to 5.0 or 10.0 equivalences, the yields dropped to 55% and 50%, respectively. Based 

on these results, the appropriate amount of H2O played a crucial role in the cyclization 

process. In order to provide a practical procedure, we examined the reaction without 
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purifying the formation of the geminal dichlorination step resulting in a comparable 

yield of product, 48% (entry 16).  

 With the optimal reaction conditions, the substrate scopes were investigated 

from quinazolinone precursors 102 without purification of ,-dichlorinated 

compounds (Table 13).  

Table 13 Substrate scopes for an acid-catalyzed intramolecular of quinazolinone 

adducts 102 to form 5-membered ring fused quinazolinones 157 

 

 

157a, 48% 

 

157b, 34% 

 

157c, 33% 

 

157d, 34% 

 

157e, 31% 

 

157f, trace 

a Reactions were performed with 0.5 mmol of 102. 

 

 The quinazolinone intermediate 102 with electron-donating groups on the aryl 

ring, 4-OMe and 5-OMe, provided the corresponding product 157b in 34% and 157c in 

33%, respectively. Similarly, the presence of a 4-Cl substituent on the aryl ring resulted 

in a yield of 34% (157d). Notably, the introduction of a 5-Br substituent yielded a 

comparable result, 31% (157e). Trace amount of product was observed for the 
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quinazolinone intermediate with a 5-NO2 group (157f). Although mostly isolated yield 

was low, this method provided accessibility to functional enriched tricyclic 

quinazolinone 157.  

Next, we preliminary confirmed the structure of 157a which one oxidation 

state higher than that of 106a. Nicely, 157a underwent hydrogenation to yield the 

deoxyvasicinone derivative 106a in 72% (Scheme 47). 

 

Scheme 47 The hydrogenation of 1-acetylpyrrolo[2,1-b]quinazolin-9(3H)-one (157a) 

to form 1-acetyl-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one (106a) 

 

 

 

We turned our focus to chemical transformation. Based on the proposed 

formation of tricyclic quinazolinone 157a (Scheme 46), the reaction was anticipated to 

proceed via the formation of the diketone intermediate 156a. Therefore, two 

experiments were designed to preliminary investigate the reaction formation. Firstly, 

we designed to observe the diketone intermediate 159 (Scheme 48). Consequently, a 

N-benzylamide quinazolinone 158 was prepared. Hopefully, having benzyl protection 

group the nitrogen would not undergo cyclization. Unfortunately, we did not observe 

the formation of vicinal diketone 159. We only observed substrate 158.   
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Scheme 48 Acid-catalyzed intramolecular cyclization of 3-benzyl-2-(3,3-dichloro-4-

oxopentyl)quinazolin-4(3H)-one (158) 

 

 

 

 Secondly, in an attempt to support the hypothesis that diketone could serve as 

an intermediate for cyclization, we conducted experiments using diketone 156a 

,prepared from the procedure as shown in entry 5 of Table 11, as a model substrate 

(Scheme 49). However, under similar conditions, the formation of the corresponding 

quinazolinone 157a did not occur. The results indicated that the reaction did not 

proceed through an vicinal diketone intermediate.  

 

Scheme 49 Attempted acid-catalyzed intramolecular cyclization of 5-(4-oxo-3,4-

dihydroquinazolin-2-yl)pentane-2,3-dione (156a) 

 

 

 

 

According to Kappe’s work, they reported the formation of C–N bond from 

di-halogenated compound and secondary amine under acidic conditions (Kappe et al., 

1968). Inspired by their work together with our control experiments, we proposed a 

plausible mechanism for the reaction (Scheme 50). In acidic conditions, the chlorine 

atom possibly undergoes protonation and subsequent elimination, leading to the 
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formation of a chloronium ion (II). There are two plausible pathways for cyclization: 

pathway A involves water attacking the chloronium ion and subsequent elimination of 

chloride ion due to the result of the presence of water, resulting in the formation of an 

oxonium intermediate (III). This intermediate rapidly undergoes cyclization facilitated 

by the nitrogen atom, followed by dehydration to yield deoxyvasicinone 157a. 

Pathway B involves the cyclization of the chloronium ion with the nitrogen atom of 

the amide moiety, leading to the formation of intermediate IV. This intermediate can 

then undergo chloride ion elimination forming an iminium followed by tautomerization 

to yield the desired product 157a. 

Scheme 50 The plausible mechanism of an acid-catalyzed intramolecular cyclization 

of 154a 
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CHAPTER 3  

 

CONCLUSION 

 

 We successfully synthesized small and medium-sized ring fused 

quinazolinones through a series of reactions starting from quinazolinone 

intermediates. Our methodology relied on a Cu(I)-catalyzed domino reaction of 2-

iodobenzamides and cyclic enaminones. The domino transformation involved 

C(aryl)–N bond formation, intramolecular Michael addition, and retro-Mannich 

reaction. To facilitate the cyclization process and formation of the desired ring fused 

quinazolinones, we strategically positioned functionalized amine and ketone groups 

on the key intermediates. These intermediates readily underwent direct cyclization, 

resulting in the formation of small and medium-sized ring fused quinazolinones. 

Specifically, the synthesis of 11-membered ring fused quinazolinones was achieved 

by employing quinazolinone intermediates having tert-butyl ethylcarbamate as a 

nitrogen substituent. The 11-membered ring urea moiety was synthesized via direct 

cyclization using 1,1'-carbonyldiimidazole (CDI) of a diamino intermediate generated 

via reductive amination and Boc-deprotection. This synthetic strategy yielded their 

analogues in moderate yields. Additionally, we synthesized deoxyvasicinone 

derivatives, which are small-sized ring fused quinazolinones from N-H 

quinazolinones. We obtained two deoxyvasicinone analogues through cyclization 

performed under basic and acidic conditions. The formations of a small-sized ring 

were achieved by intramolecular cyclizations. Analogues of 1-acetyl-2,3-dihydro 

pyrrolo[2,1-b]quinazolin-9(1H)-one were synthesized by direct cyclization in the 

presence of iodine (I2) under basic conditions, providing moderate yields for a variety 

of substrates. This reaction proceeded via an N–I quinazolinone intermediate, 

followed by intramolecular cyclization. This synthetic strategy yielded their analogues 

in moderate to good yields. Furthermore, analogues of 1-acetyl pyrrolo[2,1-

b]quinazolin-9(3H)-one were synthesized through a two-step procedure. The process 

began with α,α-dichlorination under acidic conditions, followed by intramolecular  
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C–N bond cyclization in the presence of para-toluene sulfonic acid (PTSA) as a 

catalyst. This synthetic procedure yielded their analogues in moderate yields. Notably, 

purification of the intermediate was unnecessary for this approach. Consequently, this 

method provided an efficient and selective synthesis of the desired ring-fused 

quinazolinone compounds. 
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CHAPTER 4 

 

EXPERIMENTAL 

 

4.1 General Information 

 

 Solvents for extraction and column chromatography were distilled at their 

boiling point ranges prior to use. Thin-layer chromatography (TLC) was performed on 

silica gel 60 GF254 (Merck) and was visualized by fluorescence quenching under UV 

light. Column chromatography was performed on SilicaFlash® G60 (70-230 Mesh). 

1H NMR (300 MHz) and 13C NMR (75 MHz) were recorded on a 300 MHz Bruker 

FTNMR Ultra Shield spectrometer using tetramethyl silane (TMS) as an internal 

standard. Chemical shifts are expressed in parts per million (ppm) downfield from 

TMS (δ 0.00) and coupling constants are reported as Hertz (Hz). Splitting patterns are 

indicated as follows: br, broad; s, singlet; d, doublet; t, triplet; m, multiplet. Infrared 

spectra (IR) were measured on a Thermo Scientific Nicolet iS5 FTIR Spectrometer 

and recorded on a wavenumber (cm
-1

). High-resolution mass spectra (HRMS) were 

obtained by the ESI ionization sources. 

 

4.2 General Procedure A: Synthesis of 2-Iodobenzamides 

 

 

 

 Prepared according to the literature procedure reported by Kitching (Kitching 

et al., 2012). A flame-dried round bottom flask was charged with 1.0 equiv. of 2-

iodobenzoic acid derivatives in CH2Cl2 (0.3 M) and DMF (2 drops), followed by the 

addition of 1.25 equiv. of oxalyl chloride at 0 oC. The reaction mixture was allowed to 

stir at room temperature for 4 h. After that, the mixture was evaporated to dryness. 

The prepared acid chloride was dissolved in CH2Cl2 (0.3 M). The solution of Boc-
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amine (1.5 equiv.) and triethylamine (3.0 equiv.) was added at 0 oC. The reaction 

mixture was allowed to stir at room temperature for 15 h. The reaction mixture was 

quenched with sat. NH4Cl and extracted with CH2Cl2. The organic extracts were 

washed with brine, dried over anhydrous Na2SO4, filtered and concentrated. The 

residue was purified by column chromatography to afford the title compound. 

 

 

 

 

 

tert-butyl 2-(2-iodobenzamido)ethylcarbamate (134a). Prepared according to 

general procedure A. Yield 88% as a white solid. 1H NMR (300 MHz, CDCl3) δ 7.83 

(d, J = 7.9 Hz, 1H), 7.41-7.29 (m, 2H), 7.13-7.02 (m, 1H), 6.58 (brs, 1H), 5.10 (brs, 

1H), 3.55 (q, J = 5.6 Hz, 2H), 3.39 (q, J = 5.6 Hz, 2H), 1.41 (s, 9H); 13C NMR (75 

MHz, CDCl3) δ 170.0, 156.8, 142.0, 139.8, 131.1, 128.1, 128.0, 92.5, 79.8, 40.9, 40.1, 

28.4; IR (thin film) ν 3318, 2976, 2930, 1693, 1640, 1253, 1015, 751 cm-1; HRMS 

(ESI) m/z: [M+Na]
+
 calcd. for C14H19IN2O3 413.0338, found 413.0338. 

 

 

tert-butyl 2-(5-bromo-2-iodobenzamido)ethylcarbamate (134b). Prepared 

according to general procedure A. Yield 75% as a white solid. 1H NMR (300 MHz, 

CDCl3) δ 7.70 (d, J = 8.4 Hz, 1H), 7.51 (d, J = 2.4 Hz, 1H), 7.23 (dd, J = 8.4, 2.4 Hz, 

1H), 6.55 (brs, 1H), 4.97 (brs, 1H), 3.56 (q, J = 5.6 Hz, 2H), 3.42 (q, J = 5.6Hz, 2H), 

1.44 (s, 9H); 13C NMR (75 MHz, DMSO-d6) δ 167.4, 155.7, 144.8, 140.9, 133.4, 

130.6, 121.4, 92.3, 77.7, 39.9, 39.8, 28.3; IR (thin film) ν 3349, 3295, 2926, 1689, 

1650, 1529, 1345, 1170, 841 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for 

C14H18BrIN2O3 490.9443, found 490.9443. 
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tert-butyl 2-(4-chloro-2-iodobenzamido)ethylcarbamate (134c). Prepared 

according to general procedure A. Yield 70% as a white solid. 1H NMR (300 MHz, 

CDCl3) δ 7.90 (s, 1H), 7.39-7.35 (m, 2H), 6.62 (brs,1H), 5.03 (brs, 1H), 3.60 (q, J = 

5.6 Hz, 2H), 3.45 (q, J = 5.6 Hz, 2H), 1.47 (s, 9H); 13C NMR (75 MHz, DMSO-d6) δ 

168.6, 156.1, 142.3, 138.4, 134.5, 129.7, 128.4, 95.0, 78.2, 39.8, 39.7, 28.7; IR (thin 

film) ν 3263, 2971, 2927, 1629, 1599, 1252, 1168, 773 cm-1; HRMS (ESI) m/z: 

[M+Na]
+
 calcd. for C12H18ClIN2O3 446.9948, found 446.9948. 

 

 

tert-butyl 2-(2-iodo-5-nitrobenzamido)ethylcarbamate (134d). Prepared according 

to general procedure A. Yield 78% as a white solid. 1H NMR (300 MHz, CDCl3) δ 

8.19 (d, J = 2.6 Hz, 1H), 8.07 (d, J = 8.6 Hz, 1H), 7.91 (dd, J = 8.6, 2.6 Hz, 1H), 6.96 

(brs, 1H), 5.07 (brs, 1H), 3.59 (q, J = 5.8 Hz, 2H), 3.42 (q, J = 5.8 Hz, 2H), 1.42 (s, 

9H); 13C NMR (75 MHz, DMSO-d6) δ 167.7, 156.2, 147.6, 144.7, 141.3, 125.1, 

122.6, 103.8, 78.2, 40.0, 39.7 28.7; IR (thin film) ν 3349, 3295, 2926, 1689, 1650, 

1529, 1345, 1170, 841 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for C14H18IN3O5 

458.0189, found 458.0189. 

 

 

tert-butyl 2-(2-iodo-4-(2-(tert-butoxycarbonylamino)ethylcarbamoyl)benzamido) 

ethylcarbamate (134e) Prepared according to general procedure A. Yield 68% as a 

white solid. 1H NMR (300 MHz, DMSO-d6) δ 8.60 (brs, 1H), 8.45 (brs, 1H), 8.26 (s, 
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1H), 7.83 (d, J = 8.1 Hz, 1H), 7.41 (d, J = 8.1 Hz, 1H), 6.96-6.82 (m, 2H), 3.38-3.20 

(m, 4H), 3.19-3.06 (m, 4H), 1.38 (s, 9H), 1.36 (s, 9H); 13C NMR (75 MHz, DMSO-

d6) δ 169.0, 164.8, 156.2, 156.1, 145.6, 138.0, 136.7, 128.2, 127.3, 93.7, 78.2, 39.8, 

39.7, 31.1, 28.7; IR (thin film) ν 3345, 2923, 1691, 1640, 1547, 1274, 1168, 668 cm-1; 

HRMS (ESI) m/z: [M+Na]
+
 calcd. for C22H33IN4O6 599.1342, found 599.1342. 

 

 

tert-butyl 2-(2-iodo-5-methoxybenzamido)ethylcarbamate (134f). Prepared 

according to general procedure A. Yield 80% as a white solid. 1H NMR (300 MHz, 

CDCl3) δ 7.68 (d, J = 8.7 Hz, 1H), 6.96 (d, J = 3.0 Hz, 1H), 6.68 (dd, J = 8.7, 3.0 Hz, 

1H), 6.39 (brs, 1H), 4.99 (brs, 1H), 3.79 (s, 3H), 3.56 (q, J = 5.8 Hz, 2H), 3.40 (q, J = 

5.8 Hz, 2H), 1.43 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 169.9, 159.6, 156.7,  142.8, 

140.3, 117.4, 114.0, 80.8, 79.5, 55.5, 40.7, 40.1, 28.4; IR (thin film) ν 3296, 2975, 

2935, 1690, 1648, 1529, 1169, 818 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for 

C15H21IN2O4 443.0444, found 443.0444. 

 

 

tert-butyl 2-(2-iodo-4-methoxybenzamido)ethylcarbamate (134g). Prepared 

according to general procedure A. Yield 78% as a white solid. 1H NMR (300 MHz, 

CDCl3) δ 7.38, (d, J = 2.4 Hz, 1H), 7.34 (d, J = 8.5 Hz, 1H), 6.88 (dd, J = 8.5, 2.4 Hz, 

1H), 6.43 (brs, 1H), 5.02 (brs, 1H), 3.80 (s, 3H), 3.56 (q, J = 5.8 Hz, 2H), 3.40 (q, J = 

5.8 Hz, 2H), 1.43 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 169.6, 160.6, 156.8, 134.0, 

129.2, 125.3, 113.9, 93.1, 79.7, 55.6, 40.9, 40.2, 28.4; IR (thin film) ν 3340, 2953, 

1687, 1641, 1594, 1232, 1026, 668 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for 

C15H21IN2O4 443.0444, found 443.0444. 
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tert-butyl 2-(2-iodo-4,5-dimethoxybenzamido)ethylcarbamate (134h). Prepared 

according to general procedure A. Yield 77% as a white solid. 1H NMR (300 MHz, 

CDCl3) δ 7.26 (s, 1H), 7.01 (s, 1H), 6.46 (brs, 1H), 5.01 (brs, 1H), 3.88 (s, 3H), 3.87 

(s, 3H), 3.57 (q, J = 5.5 Hz, 2H), 3.41 (q, J = 5.5 Hz, 2H), 1.43 (s, 9H); 13C NMR (75 

MHz, CDCl3) δ 169.4, 156.8, 150.5, 149.2, 134.0, 122.0, 111.7, 81.1, 79.8, 56.3, 56.1, 

41.0, 41.3, 28.4; IR (thin film) ν 3270, 2933, 2841, 1682, 1644, 1504, 1256, 1022, 

866 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for C16H23IN2O5 473.0549, found 

473.0549. 

 

4.3 General Procedure B: Synthesis of Quinazolinones Derivatives 

  

 

 

 Prepared according to literature procedure reported by Songsichan 

(Songsichan et al., 2014). A sealed tube equipped with a magnetic stirring bar was 

charged with 2-iodobenzamides 134 (0.5 mmol), cyclic enaminones 46 (0.6 mmol), 

CuI (5 mol%), 1,2-trans-diaminocyclohexane (10 mol%) and K3PO4 (1.25 mmol) in 

THF (2.5 mL). The resulting mixture was stirred at 90
o
C for 15 h. After that, the 

resulting mixture was cooled to room temperature, and quenched with sat. NH4Cl and 

extracted with EtOAc. The organic layer was dried over anhydrous Na2SO4, filtered 
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and concentrated. The residue was purified by column chromatography (5:1 

CH2Cl2:EtOAc) to provide quinazolinone products 135. 

 

 

tert-butyl 2-(4-oxo-2-(4-oxopentyl)quinazolin-3(4H)-yl) ethyl-carbamate (135a). 

Prepared according to general procedure B. Yield 88% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 8.22 (d, J = 7.6 Hz, 1H), 7.71 (t, J = 7.6 Hz, 1H), 7.61 (d, J = 7.6 Hz, 

1H), 7.42 (t, J = 7.6 Hz, 1H), 5.24 (brs, 1H), 4.27 (t, J = 6.2 Hz, 2H), 3.48 (q, J = 6.2, 

2H), 2.92 (t, J = 6.8 Hz, 2H) 2.66 (t, J = 6.8 Hz, 2H), 2.28-2.04 (m, 5H), 1.38 (s, 9H);  

13C NMR (75 MHz, CDCl3) δ 208.3, 162.6, 156.4, 156.2, 147.2, 134.2, 126.9, 126.6, 

126.4, 120.3, 79.6, 43.1, 42.4, 39.2, 33.8, 30.0, 28.3, 21.0; IR (thin film) ν 3258, 

2935, 1710, 1666, 1593, 1366, 1250, 1170, 774 cm-1; HRMS (ESI) m/z: [M+Na]
+
 

calcd. for C20H27N3O4 396.1899, found 396.1899. 

 

 

tert-butyl 2-(2-(3,3-dimethyl-4-oxopentyl)-4-oxoquinazolin-3(4H)yl)ethylcarba- 

mate (135b). Prepared according to general procedure B. Yield 74% as a pale yellow 

solid. 1H NMR (300 MHz, CDCl3) δ 8.24 (d, J = 7.9 Hz, 1H), 7.72 (t, J = 7.9 Hz, 1H), 

7.62 (d, J = 7.9 Hz, 1H), 7.43 (t, J = 7.9 Hz, 1H), 4.97 (brs, H), 4.30 (t, J = 6.4 Hz, 

2H), 3.48 (q, J = 6.4 Hz, 2H), 2.84 (t, J = 8.2 Hz, 2H), 2.19 (s, 3H), 2.04 (t, J = 8.2 

Hz, 2H), 1.37 (s, 9H), 1.27 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 213.5, 162.7, 157.1, 

156.1, 147.3, 134.2, 126.8, 126.7, 126.4, 120.3, 79.6, 47.3, 43.3, 39.3, 36.6, 30.7, 

28.2, 25.3, 24.5; IR (thin film) ν 3355, 2972, 1702, 1665, 1593, 1365, 1250, 1171, 

775 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for C22H31N3O4 424.2212, found 

424.2212. 
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tert-butyl 2-(2-(2-methyl-4-oxopentyl)-4-oxoquinazolin-3(4H)-yl)ethylcarbamate 

(135d). Prepared according to general procedure B. Yield 77% as a pale brown solid.  

1H NMR (300 MHz, DMSO-d6) δ 8.08 (d, J = 7.6 Hz, 1H), 7.76 (t, J = 7.6 Hz, 1H), 

7.56 (d, J = 7.6 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H), 7.04 (t, J = 5.7 Hz, 1H), 4.20-3.97 

(m, 2H), 3.24 (q, J = 5.7 Hz, 2H), 2.86-2.55 (m, 4H), 2.35 (dd, J = 16.0, 6.4 Hz, 1H), 

2.00 (s, 3H), 1.30 (s, 9H), 0.98 (d, J = 6.4 Hz, 3H); 13C NMR (75 MHz, DMSO-d6) δ 

208.1, 161.9, 156.7, 156.2, 147.3, 134.6, 127.1, 126.6, 126.5, 120.6, 78.4, 49.9, 43.6, 

41.3, 38.4, 30.5, 28.6, 27.5, 20.5; IR (thin film) ν 3355, 2974, 1707, 1672, 1591, 

1508, 1365, 1250, 1169, 774 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for C21H29N3O4 

410.2056, found 410.2056. 

 

 

tert-butyl 2-(6-bromo-4-oxo-2-(4-oxopentyl)quinazolin-3(4H)-yl)ethylcarbamate 

(135e). Prepared according to general procedure B. Yield 80% as a brown solid. 

1H NMR (300 MHz, CDCl3) δ 8.34 (d, J = 1.9 Hz, 1H), 7.78 (dd, J = 8.7, 1.9 Hz, 1H), 

7.49 (d, J = 8.7 Hz, 1H), 5.02 ( brs, 1H), 4.27 (t, J = 6.2 Hz, 2H), 3.46 (q, J = 6.2 Hz, 

2 H), 2.90 (t, J = 7.2 Hz, 2H), 2.66 (t, J = 7.2 Hz, 2H), 2.19-2.03 (m, 5H), 1.37  

(s, 9H); 13C NMR (75 MHz, CDCl3) δ 208.2, 161.5, 157.0, 156.1, 146.0, 137.4, 129.2, 

128.8, 121.7, 119.9, 79.8, 43.3, 42.3, 39.1, 33.8, 30.0, 28.2, 20.8; IR (thin film)  

ν 3356, 2975, 1706, 1677, 1590, 1468, 1365, 1167, 833 cm-1; HRMS (ESI) m/z: 

[M+Na]
+
 calcd. for C20H26BrN3O4 474.1004, found 474.1004. 
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tert-butyl 2-(7-chloro-4-oxo-2-(4-oxopentyl)quinazolin-3(4H)-yl)- ethylcarbamate 

(135f). Prepared according to general procedure B. Yield 70% as a brown solid.  

1H NMR (300 MHz, CDCl3) δ 8.16 (d, J = 8.5 Hz, 1H), 7.63 (d, J = 1.9 Hz, 1H), 7.39  

(dd, J = 8.5, 1.9 Hz, 1H), 5.03 (brs, 1H), 4.27 (t, J = 6.7 Hz, 2H), 3.47 (q, J = 6.7 Hz, 

2H), 2.93 (t, J = 7.1 Hz, 2H), 2.68 (t, J = 7.1 Hz, 2H), 2.18-2.07 (m, 5H), 1.38 (s, 9H); 

13C NMR (75 MHz, CDCl3) δ 208.2, 162.0, 157.8, 156.2, 148.1, 140.3, 128.1, 127.0, 

126.4, 118.7, 79.6, 43.2, 42.3, 39.0, 33.7, 30.0, 28.2, 20.7; IR (thin film) ν 3356, 

2929, 1706, 1683, 1592, 1365, 1250, 1170, 784 cm-1; HRMS (ESI) m/z: [M+Na]
+
 

calcd. for C20H26ClN3O4 430.1510, found 430.1511. 

 

 

tert-butyl 2-(6-nitro-4-oxo-2-(4-oxopentyl)quinazolin-3(4H)-yl)ethylcarbamate 

(135g). Prepared according to general procedure B. Yield 54% as a brown solid.  

1H NMR (300 MHz, CDCl3) δ 9.11 (d, J = 2.6 Hz, 1H), 8.50 (dd, J = 8.9, 2.6 Hz, 1H), 

7.74 (d, J = 8.9 Hz, 1H), 4.99 (brs, 1H), 4.33 (t, J = 6.4 Hz, 2H), 3.50 (q, J = 6.4 Hz, 

2H), 2.99 (t, J = 7.0 Hz, 2H), 2.70 (t, J = 7.0 Hz, 2H), 2.26-2.10 (m,  5H), 1.37  

(s, 9H); 13C NMR (75 MHz, CDCl3) δ 208.2, 161.5, 160.4, 156.2, 151.2, 145.2, 128.5, 

128.2, 123.4, 120.3, 79.8, 43.6, 42.2, 38.8, 34.0, 30.0, 28.2, 20.6; IR (thin film)  

ν 3371, 2975, 1699, 1684, 1575, 1340, 1166, 752 cm-1; HRMS (ESI) m/z: [M+Na]
+
 

calcd. for C20H26N4O6 441.1750, found 441.1750. 
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tert-butyl 2-(4-oxo-2-(4-oxo-pentyl)-7-(2-(tert-butoxycarbonylamino)ethylcar-  

bamoyl)quinazolin-3(4H)-yl)-ethylcarbamate (135h) Prepared according to general 

procedure B. Yield 77% as a dark brown solid. 1H NMR (300 MHz, CDCl3) δ 8.19 

 (d, J = 7.9 Hz, 1H), 7.99 (s, 1H), 7.80 (d, J = 7.9 Hz, 1H), 7.80 (d, J = 7.9 Hz, 1H), 

7.62 (brs, 1H), 5.22 (brs, 2H), 4.25 (t, J = 6.3 Hz, 2H), 3.60 (q, J = 6.3 Hz, 2H),  

3.53-3.30 (m, 4H), 2.90 (t, J = 6.9 Hz, 2H), 2.66 (t, J = 6.9 Hz, 2H), 2.17 (s, 3H), 

2.17-2.01 (m, 2H), 1.44 (s, 9H), 1.37 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 208.5, 

166.9, 162.2, 157.1, 156.2, 147.0, 139.5, 127.0, 125.8, 124.6, 122.0, 80.1, 79.7, 43.3, 

42.3, 42.1, 40.0, 39.0, 33.6, 30.1, 29.7, 28.4, 28.3, 20.6; IR (thin film) ν 3337, 2931, 

1698, 1682, 1541, 1522, 1251, 1169, 756 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for 

C28H41N5O7 560.3084, found 560.3085. 

 

 

tert-butyl 2-(6-methoxy-4-oxo-2-(4-oxopentyl)quinazolin-3(4H)-yl)ethylcarba- 

mate (135i). Prepared according to general procedure B. Yield 78% as a white solid.  

1H NMR (300 MHz, CDCl3) δ 7.53 (d, J = 2.9 Hz, 1H), 7.51 (d, J = 8.8 Hz, 1H), 7.27 

(dd, J = 8.8, 2.9 Hz, 1H), 5.14 (brs, 1H), 4.24 (t, J = 6.4 Hz, 2H), 3.86 (s, 3H),  

3.44 (q, J = 6.4 Hz, 2H), 2.85 (t, J = 7.2 Hz, 2H), 2.63 (t, J = 7.2 Hz, 2H), 2.11  

(s, 3H), 2.13-2.00 (m, 2H), 1.34 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 208.2, 162.4, 

158.0, 156.2, 154.0, 141.8, 128.4, 124.5, 120.9, 105.8, 79.5, 55.7, 43.2, 42.4, 39.1, 

33.6, 29.9, 28.2, 21.0; IR (thin film) ν 3356, 2974, 1706, 1670, 1593, 1491, 1251, 

1167, 837 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for C21H29N3O5 426.2205, found 

426.2205. 
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tert-butyl 2-(7-methoxy-4-oxo-2-(4-oxopentyl)quinazolin-3(4H)-yl)ethylcarba- 

mate (135j). Prepared according to general procedure B. Yield 74% as a white solid. 

1H NMR (300 MHz, CDCl3) δ 8.16 (d, J = 9.5 Hz, 1H), 7.09-7.01 (m, 2H), 5.05 (brs, 

1H),  4.29 (t, J = 6.5 Hz, 2H), 3.94 (s, 3H), 3.50 (q, J = 6.5 Hz, 2H), 2.94 (t, J = 7.2 

Hz, 2H), 2.69 (t, J = 7.2 Hz, 2H), 2.20 (s, 3H), 2.20-2.07 (m, 2H), 1.41 (s, 9H); 13C 

NMR (75 MHz, CDCl3) δ 208.2, 164.6, 162.1, 157.2, 156.2, 149.3, 128.2, 116.8, 

113.8, 107.3, 79.6, 55.7, 42.9, 42.4, 39.3, 33.9, 30.0, 28.2, 21.1; IR (thin film) ν 3356, 

2925, 1706, 1670, 1610, 1364, 1164, 1032, 782 cm-1; HRMS (ESI) m/z: [M+Na]
+
 

calcd. for C21H29N3O5 426.2005, found 426.2005. 

 

 

tert-butyl 2-(6,7-dimethoxy-4-oxo-2-(4-oxopentyl)quinazolin-3(4H)-yl)ethylcarba 

-mate (135k). Prepared according to general procedure B. Yield 80% as a white solid.  

1H NMR (300 MHz, CDCl3) δ 7.32 (s, 1H), 6.88 (s, 1H), 5.41 (brs, 1H), 4.18  

(t, J = 5.9 Hz, 2H), 3.89 (s, 3H), 3.86 (s, 3H), 3.42 (q, J = 5.9 Hz, 2H), 2.80  

(t, J = 6.9 Hz, 2H), 2.57 (t, J = 6.9 Hz, 2H), 2.08 (s, 3H), 2.01 (qn, J = 6.9 Hz, 2H), 

1.33 (s, 9H); 13C NMR (75 MHz, CDCl3) δ 208.1, 161.7, 156.2, 155.1, 154.8, 148.6, 

143.3, 113.4, 107.1, 105.3, 79.4, 56.1, 43.2, 42.4, 39.1, 33.7, 29.9, 28.3, 21.0;  

IR (thin film) ν 3367, 2924, 1706, 1654, 1499, 1249, 1168, 1002, 754 cm-1;  

HRMS (ESI) m/z: [M+H]
+
 calcd. for C22H31N3O6 434.2291, found 434.2291. 
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tert-butyl2-(2-(5,5-dimethyl-3-oxocyclohex-1-enylamino)benzamido)ethylcarba- 

mate (135l). Prepared according to general procedure B. Yield 75% as a pale yellow 

solid. 1H NMR (300 MHz, CDCl3) δ 7.58 (d, J = 8.5 Hz, 1H), 7.54 (d, J = 8 Hz, 1H), 

7.39 (t, J = 8.5 Hz, 1H), 7.04 (t, J = 8.5 Hz, 1H), 5.88 (s, 1H), 5.14 (s, 1H), 3.52 (q, J 

= 5.7 Hz, 2H), 3.42 (q, J = 5.7 Hz, 2H), 2.39 (s, 1H), 2.25 (s, 1H), 1.43 (s, 9H), 1.11 

(s, 6H); 13C NMR (75 MHz, CDCl3) δ198.8, 169.1, 158.2, 157.6, 140.1, 131.9, 127.8, 

122.8, 122.3, 100.2, 80.3, 50.4, 44.4, 42.2, 39.7, 32.6, 29.7, 28.3, 28.2; IR (thin film) 

ν 3293, 2930, 1698, 1522, 1271, 1167, 755 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for 

C22H31N3O4 402.2393, found 402.2393. 

 

4.4 Synthesis of Quinazolinone-fused eleven membered ring ureas 

General Procedure C: Synthesis of Quinazolinone-fused eleven membered  

      ring ureas 

 

 

 

 To a solution of quinazolinone 135 (0.6 mmol) and benzylamine (0.9 mmol) in 

CH2Cl2 (6 mL) was added sodium triacetoxyborohydride (STABH, 1.2 mmol) and 

acetic acid (18 µL). The resulting mixture was stirred at room temperature under a N2 

atmosphere for 24 h. After that, the resulting mixture was quenched by adding 1 N 

NaOH and extracted with CH2Cl2 (3 × 10 mL). The organic layer was dried over 

anhydrous Na2SO4, filtered and concentrated. Then, the crude mixture in CH2Cl2 (3 

mL) was added trifluoroacetic acid (3 mL). The mixture was stirred at room 
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temperature under a N2 atmosphere for 2 h. After that, the resulting mixture was 

quenched by adding 1 N NaOH and extracted with CH2Cl2 (3 × 10 mL). The organic 

layer was dried over anhydrous Na2SO4, filtered and concentrated to give amine 

crude. Then, the crude mixture in tBuOH (30 mL) was stirred at room temperature. 

CDI (0.72 mmol) was added in reaction mixture at room temperature and stirred at 

room temperature for 18 h. After that, tBuOH was evaporated in vaccu. The resulting 

mixture was quenched with sat. NH4Cl and extracted with EtOAc (3 × 10 mL). The 

organic layer was dried over anhydrous Na2SO4, filtered and concentrated. The 

residue was purified by column chromatography (9:1 EtOAc:MeOH) to provide 

quinazolinone-fused eleven membered ring ureas 148. 

 

 

5-benzyl-6-methyl-2,3,6,7,8,9-hexahydro-[1,3,6]triazacycloundecino[7,6-

b]quinazoline-4,15(1H,5H)-dione (148a). Yield 60% as a white solid. 1H NMR (300 

MHz, CDCl3 + CD3OD 2 drops) δ 8.25 (d, J = 7.5 Hz, 1H), 7.71 (t, J = 7.5 Hz, 1H), 

7.59 (d, J = 7.5 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 7.42-7.45 (m, 5H), 4.78 (d, J = 14.7 

Hz, 1H), 4.58 (d, J = 14.4 Hz, 1H), 4.45 (m, 1H), 4.30 (d, J = 14.7 Hz, 1H), 4.20-4.05 

(m, 2H), 3.53-3.38 (m, 1H), 3.36-3.20 (m, 1H), 2.96-2.80 (m, 1H), 2.63-2.52 (m, 1H), 

2.45-2.28 (m, 1H), 1.70-1.52 (m, 1H), 1.51-1.38 (m, 1H), 1.20-1.11 (m, 1H), 1.07 (d, 

J = 6.9 Hz, 3H); 13C NMR (75 MHz, CDCl3 + CD3OD 2 drops) δ 162.7, 158.2, 158.0, 

147.3, 139.0, 134.5, 129.0, 128.6(3C), 127.7, 126.8(2C), 126.5, 120.2, 54.5, 52.8, 

43.8, 40.3, 31.4, 30.8, 24.5, 20.1; IR (thin film) ν 3351, 2931, 1661, 1537, 1453, 

1305, 1167, 769, 728, 698 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for C23H26N4O2 

391.2129, found 391.2129. 
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5-benzyl-13-bromo-6-methyl-2,3,6,7,8,9-hexahydro-[1,3,6]triazacycloundecino 

[7,6-b]quinazoline-4,15(1H,5H)-dione (148b). Yield 65% as a white solid. 1H NMR 

(300 MHz, CDCl3) δ 8.26 (d, J = 2.4 Hz, 1H), 7.68 (dd, J = 8.7, 2.4 Hz, 1H), 7.37 (d, 

J = 8.7 Hz, 1H), 7.35-7.17 (m, 5H), 4.69 (d, J = 14.7, 1H), 4.46 (d, J = 14.4 Hz, 1H), 

4.21 (d, J = 14.7 Hz, 1H), 4.15-3.93 (m. 2H), 3.48-3.29 (m, 1H), 3.28-3.11 (m, 1H), 

2.89-2.72 (m, 1H), 2.53-2.40 (m. 1H), 2.34-2.18 (m, 1H), 1.60-1.30 (m, 2H), 1.18-

1.00 (m, 1H), 1.01 (d, J = 6.9 Hz, 3H); 13C NMR (75 MHz, CDCl3) δ 161.5, 158.4, 

158.1, 146.1, 139.0, 137.5, 129.2, 129.0(2C), 128.7(2C), 128.6, 127.7, 121.5, 119.8, 

54.4, 52.8, 43.9, 40.2, 31.4, 30.7, 24.4, 20.1; IR (thin film) ν 3369, 2931, 1665, 1618, 

1541, 1467, 1330, 1182, 830, 725, 694 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for 

C23H25BrN4O2 469.1234, found 469.1239 

 

 

5-benzyl-12-chloro-6-methyl-2,3,6,7,8,9-hexahydro-[1,3,6]triazacycloundecino- 

[7,6-b]quinazoline-4,15(1H,5H)-dione (148c). Yield 67% as a white solid. 1H NMR 

(300 MHz, CDCl3 + CD3OD 2 drops) δ 8.05 (d, J = 8.7 Hz, 1H), 7.51 (s, 1H), 7.27 (d, 

J = 8.7 Hz, 1H), 7.26-7.18 (m, 5H), 4.69 (d, J = 14.7 Hz, 1H), 4.45 (d, J = 14.4 Hz, 

1H), 4.16 (d, J = 14.7 Hz, 1H), 4.04 (d, J = 14.4 Hz, 1H), 4.00-3.91 (m, 1H), 3.50-

3.33 (m, 1H), 3.32-3.26 (m, 1H), 2.89-2.70 (m, 1H), 2.57-2.42 (m. 1H), 2.28-2.09 (m, 

1H), 1.55-1.35 (m, 2H), 1.12-1.02 (m, 1H), 1.01 (d, J = 6.9 Hz, 3H); 13C NMR (75 

MHz, CDCl3 + CD3OD 2 drops) δ 162.1, 159.5, 158.3, 148.1, 140.6, 138.8, 128.8, 

128.5(3C), 128.1, 127.6, 127.1, 126.1, 118.4, 54.2, 52.1, 43.9, 40.0, 31.4, 30.5, 24.3, 
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19.7; IR (thin film) ν 3366, 2923, 1674, 1618, 1578, 1544, 1306, 1164, 781, 742, 696 

cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for C23H25ClN4O2 425.1739, found 425.1739. 

 

 

5-benzyl-12-methoxy-6-methyl-2,3,6,7,8,9-hexahydro-[1,3,6]triazacycloundecino- 

[7,6-b]quinazoline-4,15(1H,5H)-dione (148d). Yield 57% as a white solid. 1H NMR 

(300 MHz, CDCl3) δ 8.11 (d, J = 9.0 Hz, 1H), 7.41-7.22 (m, 5H), 6.99 (d, J = 9.0 Hz, 

1H), 6.96 (s, 1H), 4.74 (d, J = 14.7 Hz, 1H), 4.54 (d, J = 14.7 Hz, 1H), 4.50-4.42 (m, 

1H), 4.29 (d, J = 14.7 Hz, 1H), 4.18-4.01 (m, 2H), 3.88 (s, 3H), 3.52-3.36 (m, 1H), 

3.34-3.20 (m, 1H), 2.92-2.80 (m, 1H), 2.60-2.50 (m, 1H), 2.51-2.45 (m, 1H), 2.40-

2.23 (m, 1H), 1.68-1.40 (m, 2H), 1.20-1.10 (m, 1H), 1.07 (d, J = 7.2 Hz, 3H); 13C 

NMR (75 MHz, CDCl3) δ 164.8, 162.0, 158.7, 158.2, 149.4, 139.1, 129.0(2C), 

128.6(2C), 128.3, 127.7, 116.9, 113.8, 107.0, 55.8, 54.4, 52.8, 43.6, 40.4, 31.4, 30.9, 

24.5, 20.1; IR (thin film) ν 3348, 2943, 1662, 1607, 1548, 1486, 1158, 1035, 779, 

742, 700 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for C24H28N4O3 421.2239, found 

421.2234. 

 

 

5-benzyl-13-methoxy-6-methyl-2,3,6,7,8,9-hexahydro-[1,3,6]triazacyclo- 

undecino[7,6-b]quinazoline-4,15(1H,5H)-dione (148e). Yield 55% as a white solid. 

1H NMR (300 MHz, CDCl3 + CD3OD 2 drops) δ 7.56-7.52 (m, 2H), 7.51 (s, 1H), 

7.40-7.20 (m, 5H), 4.74 (d, J = 14.7 Hz, 1H), 4.54 (d, J = 14.1 Hz, 1H), 4.25 (d, J = 
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14.7, 1H), 4.20-4.39 (m, 2H), 3.89 (S, 3H), 3.58-3.30 (m, 1H), 3.40-3.25 (m, 1H), 

2.94-2.80 (m, 1H), 2.63-2.50 (m, 1H), 2.35-2.14 (m, 1H), 1.63-1.40 (m, 2H), 1.38-

1.20 (m, 1H), 1.06 (d, J = 6.9 Hz, 3H); 13C NMR (75 MHz, CDCl3 + CD3OD 2 drops) 

δ 162.5, 158.4, 158.3, 155.7, 141.8, 138.9, 128.8(2C), 128.5(2C), 128.1, 127.6, 125.0, 

120.7, 105.8, 55.8, 54.3, 52.3, 44.0, 40.0, 31.0, 30.7, 24.5, 19.8; IR (thin film) ν 3359, 

2938, 1654, 1540, 1491, 1454, 1359, 1029, 831, 728, 629 cm-1; HRMS (ESI) m/z: 

[M+H]
+
 calcd. for C24H28N4O3 421.2234, found 421.2239. 

 

 

5-benzyl-6-methyl-13-nitro-2,3,6,7,8,9-hexahydro-[1,3,6]triazacycloundecino[7,6-

b]quinazoline-4,15(1H,5H)-dione (148f). Yield 48% as a white solid. 1H NMR (300 

MHz, DMSO-d6) δ 9.05 (d, J = 2.4 Hz, 1H), 8.46 (dd, J = 9.0, 2.4 Hz, 1H), 7.71 (d, J 

= 9.0 Hz, 1H), 7.43-7.27 (m, 5H), 4.80 (J = 14.4 Hz, 1H), 4.59 (d, J = 14.4 Hz, 1H), 

4.45-4.52 (m, 1H), 4.26 (d, J = 14.4 Hz, 1H), 4.30-4.11 (m, 2H), 3.54-3.40 (m, 1H), 

3.38-3.21 (m, 1H), 3.38-3.21 (m, 1H), 3.60-2.88 (m, 1H), 2.68-2.57 (m, 1H), 1.70-

1.51 (m, 2H), 1.20-1.10 (m, 1H), 1.10 (d, J = 6.9 Hz, 3H); 13C NMR (75 MHz, 

DMSO-d6) δ 162.8, 161.0, 158.3, 151.1, 144.4, 140.4, 128.2, 128.0(3C), 127.6, 126.6, 

122.4, 119.5, 52.0(2C), 45.1, 38.9, 31.3(2C), 24.2, 19.6; IR (thin film) ν 3362, 2933, 

1673, 1617, 1560, 1522, 1338, 1158, 848, 723, 695 cm-1; HRMS (ESI) m/z: [M+H]
+
 

calcd. for C22H31N3O4 436.1979, found 439.1974. 
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4.5 Synthesis of ethyl (6-methyl-4,15-dioxo-1,2,3,4,7,8,9,15-octahydro-

[1,3,6]triaza-cycloundecino[7,6-b]quinazolin-5(6H)-yl)carbamate 

 

 

 

To a solution of quinazolinone 135a (0.6 mmol) in EtOH (6 mL) was added sodium 

borohydride (0.72 mmol). The resulting mixture was stirred at room temperature 

under a N2 atmosphere for 4 h. After that, EtOH was removed by evaporation in 

vacuum. Then, the residue was quenched by NH4Cl and extracted with EtOAc (3 × 10 

mL). The organic layer was dried over anhydrous Na2SO4, filtered and concentrated. 

Then, the crude mixture in CH2Cl2 (3 mL) was added trifluoroacetic acid (3 mL). The 

mixture was stirred at room temperature under N2 atmosphere for 2 h. After that, the 

resulting mixture was quenched by adding 1 N NaOH and extracted with CH2Cl2 (3 × 

10 mL). The organic layer was dried over anhydrous Na2SO4, filtered, and 

concentrated to give amine crude. Then, the crude mixture in toluene (12 mL) was 

stirred at 0 oC. DEAD (1.26 mmol) and PPh3 (1.26 mmol) were added to the reaction 

mixture and stirred at 0o C to rt for 18 h. After that, the organic solvent was 

concentrated under a vacuum, quenched with NH4Cl, and extracted with CH2Cl2 (3 × 

10 mL). The organic layer was dried over anhydrous Na2SO4, filtered, and 

concentrated to provide undesired product 141a as a white solid in 65%. 1H NMR 

(300 MHz, CDCl3) δ 8.21 (d, J = 7.8 Hz, 1H), 7.73 (t, J = 7.8 Hz, 1H), 7.63 (d, J = 

7.8 Hz, 1H), 7.44 (t, J = 7.8 Hz, 1H), 5.47 (s, 1H), 4.50-4.30 (m, 3H), 3.94-3.86 (m, 

1H), 3.70-3.60 (m, 2H), 3.02-2.90 (m, 2H), 2.07-1.92 (m, 4H), 1.67-1.59 (m, 2H), 

1.43 (t, J = 13.2 Hz, 3H), 1.22 (d, J = 6.0 Hz, 3H) ; 13C NMR (75 MHz, CDCl3) δ 

162.9, 160.7, 159.1, 157.3, 147.1, 134.5, 126.8, 126.6, 126.6, 120.1, 68.4, 66.9, 42.8, 

41.2, 38.3, 34.6, 23.7, 23.2, 14.3; IR (thin film) ν 3045, 2928, 1707, 1665, 1442, 

1310, 1128, 770 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for C19H25N5O4 388.1979, 

found 388.1980. 
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4.6 Synthesis of 6-methyl-2,3,6,7,8,9-hexahydro-15H [1]oxa[3,6]diazacyclo-

undecino[7,6-b]quinazoline-4,15(1H)-dione (145a) 

 

 

 

To a solution of quinazolinone 135a (0.6 mmol) in EtOH (6 mL) was added sodium 

borohydride (0.72 mmol). The resulting mixture was stirred at room temperature 

under a N2 atmosphere for 4 h. After that, EtOH was removed by evaporation in 

vacuum. Then, the residue was quenched by NH4Cl and extracted with EtOAc (3 × 10 

mL). The organic layer was dried over anhydrous Na2SO4, filtered and concentrated. 

Then, the crude mixture in CH2Cl2 (3 mL) was added trifluoroacetic acid (3 mL). The 

mixture was stirred at room temperature under N2 atmosphere for 2 h. After that, the 

resulting mixture was quenched by adding 1 N NaOH and extracted with CH2Cl2 (3 × 

10 mL). The organic layer was dried over anhydrous Na2SO4, filtered, and 

concentrated to give amine crude. Then, the crude mixture in water (30 mL) was 

stirred at room temperature. CDI (0.72 mmol) was added to the reaction mixture and 

stirred at room temperature for 18 h. After that, the reaction mixture was filtered; the 

precipitate obtained was washed with cold water and dried to provide quinazolinone-

fused cyclic carbamate 145a as a white solid in 56%. 1H NMR (300 MHz, DMSO-d6) 

δ 8.09 (d, J = 7.5 Hz, 1H), 7.76 (t, J = 7.5 Hz, 1H), 7.58 (d, J = 7.5 Hz, 1H), 7.46 (t, J 

= 7.5 Hz, 1H), 6.35 (s, 1H), 4.04-4.00 (m, 2H), 3.68-3.61 (m, 1H), 3.29-3.24 (m, 2H), 

2.96-2.72 (m, 2H), 2.19-1.70 (m, 2H), 1.47-1.44 (m, 2H), 1.06 (d, J = 6.0 Hz, 3H); 

13C NMR (75 MHz, DMSO-d6) δ 161.4, 158.4, 157.7, 147.1, 134.2, 126.7, 126.1, 

126.1, 120.0, 65.6, 43.5, 38.5, 37.8, 33.9, 23.8, 23.1; IR (thin film) ν 3332, 2969, 

1650, 1613, 1098, 772, 695 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for C16H19N3O3 

302.1505, found 302.1504. 
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4.7 Synthesis of 4(3H)-quinazolinone intermediates 102 

General Procedure D 

 

 A sealed tube equipped with a magnetic stirring bar was charged with 2-

iodobenzamides 149 (0.5 mmol), cyclic-enaminones 46 (0.6 mmol), CuI (5 mol%), 

1,10-phenanthrolene (10 mol%) and Cs2CO3 (1.25 mmol) in THF (2.5 mL). The 

resulting mixture was stirred at 90
o
C for 16 h. After that, the resulting mixture was 

cooled to room temperature, quenched with sat. NH4Cl and extracted with EtOAc. 

The organic layer was dried over anhydrous Na2SO4, filtered and concentrated. The 

residue was purified by column chromatography (5:1 CH2Cl2:EtOAc) to provide 

quinazolinone product 102. 

 

 

2-(4-oxopentyl)quinazolin-4(3H)-one (102a). 

Prepared according to general procedure D. Yield 58% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 8.26 (dd, J = 1.2, 8.1 Hz, 1H), 7.74 (dt, J = 1.2, 8.1 Hz, 1H), 7.67 (d, 

J = 8.1 Hz, 1H), 7.45 (dt, J = 1.2, 8.1 Hz, 1H), 2.80 (t, J = 7.2 Hz, 2H), 2.62 (t, J = 7.2 

Hz, 2H), 2.23-2.10 (m, 2H), 2.14 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 208.4, 164.4, 

156.1, 149.4, 134.9, 127.3, 126.6, 126.4, 120.6, 42.6, 34.8, 30.1, 21.3. These data 

matched to the literature values (Shen et al., 2016). 
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6-bromo-2-(4-oxopentyl)quinazolin-4(3H)-one (102b) 

Prepared according to general procedure D. Yield 52% as a pale-yellow solid. 1H 

NMR (300 MHz, CDCl3) δ 8.38 (d, J = 2.4 Hz, 1H), 7.82 (dd, J = 2.4, 8.7 Hz, 1H), 

7.54 (d, J = 8.7 Hz, 1H), 2.74 (t; J = 7.2 Hz, 2H), 2.63 (t; J = 7.2 Hz, 2H), 2.17 (s, 

3H), 2.12 (t, J = 7.2 Hz, 2H); 13C NMR (75 MHz, DMSO-d6) δ 208.0, 160.7, 157.8, 

147.8, 137.0, 129.2, 127.8, 122.5, 118.3, 41.7, 33.6, 29.8, 20.6; IR (thin film) ν 3158, 

3028, 2889, 1677, 1613, 1462, 1163, 837, 602 cm-1; HRMS (ESI) m/z: [M+Na]
+
 

calcd. for C13H13BrN2O2 331.0053, found 331.0053. 

 

 

7-chloro-2-(4-oxopentyl)quinazolin-4(3H)-one (102c) 

Prepared according to general procedure D. Yield 62% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 11.85 (s, 1H), 8.19 (d, J = 8.4 Hz, 1H), 7.67 (d, J = 1.2 Hz, 1H), 7.41 

(dd, J = 1.2, 8.4 Hz, 1H), 2.79 (t; J = 7.2 Hz, 2H), 2.63 (t; J = 7.2 Hz, 2H), 2.17 (s, 

3H), 2.20-2.12 (m, 2H); 13C NMR (75 MHz, CDCl3) δ 208.4, 163.6, 157.4, 150.4, 

141.3, 127.9, 127.3, 127.0, 119.2, 42.4, 34.6, 30.2, 21.0; IR (thin film) ν 3324, 2942, 

2831, 1677, 1603, 1447, 1021, 630 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for 

C13H13ClN2O2 265.0741, found 265.0744. 
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6-methoxy-2-(4-oxopentyl)quinazolin-4(3H)-one (102d) 

Prepared according to general procedure D. Yield 55% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 7.67-7.63 (m 2H), 7.36 (dd, J = 2.7, 9.0 Hz, 1H), 3.93 (s, 3H), 2.78 (t; 

J = 7.2 Hz, 2H), 2.64 (t; J = 7.2 Hz, 2H), 2.17 (s, 3H), 2.16-2.10 (m, 2H); 13C NMR 

(75 MHz, CDCl3) δ 208.5, 163.7, 158.3, 153.6, 144.0, 128.9, 125.1, 121.5, 105.9, 

56.0, 42.5, 34.6, 30.2, 21.3; IR (thin film) ν 3161, 2941, 2897, 1671, 1621, 1489, 

1252, 836, 650 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for C14H16N2O3 261.1234, 

found 265.1235. 

 

 

7-methoxy-2-(4-oxopentyl)quinazolin-4(3H)-one (102e) 

Prepared according to general procedure D. Yield 56% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 11.57 (s, 1H), 8.16 (d, J = 8.7 Hz, 1H), 7.06 (dd, J = 2.4, 8.7 Hz, 1H), 

7.03 (d, J = 2.4 Hz, 1H), 3.92 (s, 3H), 2.77 (t; J = 7.2 Hz, 2H), 2.63 (t; J = 7.2 Hz, 

2H), 2.17 (s, 3H), 2.20-2.12 (m, 2H); 13C NMR (75 MHz, CDCl3) δ 208.3, 165.0, 

163.3, 156.7, 151.6, 127.8, 116.7, 114.0, 107.8, 55.7, 42.4, 34.7, 30.0, 21.2; IR (thin 

film) ν 3320, 2943, 2831, 1683, 1611, 1444, 1021, 605 cm-1; HRMS (ESI) m/z: 

[M+H]
+
 calcd. for C14H16N2O3 261.1234, found 265.1235. 
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6,7-dimethoxy-2-(4-oxopentyl)quinazolin-4(3H)-one (102f) 

Prepared according to general procedure D. Yield 52% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 7.59 (s 1H), 7.10 (s, 1H), 4.02 (s, 3H), 4.00 (s, 3H), 2.79 (t; J = 7.2 

Hz, 2H), 2.62 (t; J = 7.2 Hz, 2H), 2.16 (s, 3H), 2.21-2.10 (m, 2H); 13C NMR (75 

MHz, DMSO-d6) δ 208.0, 161.0, 155.6, 154.6, 148.2, 144.3, 113.6, 107.3, 105.0, 

55.9, 55.7, 41.8, 33.3, 29.7, 20.7; IR (thin film) ν 3155, 3024, 2941, 1667, 1610, 

1489, 1273, 1108, 867, 662 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for C15H18N2O4 

291.1339, found 291.1340. 

 

 

 

2-(2,2-dimethyl-4-oxopentyl)quinazolin-4(3H)-one (102h) 

Prepared according to general procedure D. Yield 54% as a pale-yellow solid. 1H 

NMR (300 MHz, CDCl3) δ 8.27 (d, J = 7.8 Hz, 1H), 7.78-7.68 (m, 2H), 7.45 (dd, J = 

1.5, 7.8 Hz, 1H), 2.78 (s, 2H), 2.50 (s, 2H), 2.26 (s, 3H), 1.17 (s, 6H); 13C NMR (75 

MHz, CDCl3) δ 211.7, 162.6, 154.7, 148.6, 134.7, 127.0, 126.7, 126.5, 121.0, 52.0, 

45.4, 35.5, 33.4, 28.9, 28.9; IR (thin film) ν 3034, 2948, 2880, 1680, 1609, 1468, 

1157, 768, 602 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for C15H18N2O2 259.1441, 

found 259.1442. 
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4.8 Synthesis of deoxyvasicinone derivatives 106 

General Procedure E 

 

 

 

 A sealed tube equipped with a magnetic stirring bar was charged with 

quinazoinone precursors 102 (0.3 mmol) and Cs2CO3 (0.9 mmol) in DMSO (2 mL).  

The resulting mixture was added iodine (0.63 mmol) and stirred at 90
o
C for 16 h. 

After that, the resulting mixture was cooled to room temperature, quenched with sat. 

NH4Cl and extracted with EtOAc. The organic layer was washed with water followed 

by brine and dried over anhydrous Na2SO4, filtered and concentrated. The residue was 

purified by column chromatography (4:1 CH2Cl2:EtOAc) to provide deoxyvasicinone 

derivatives 106. 

 

 

 

1-acetyl-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one (106a).  

Prepared according to general procedure E. Yield 72% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 8.23 (d, J = 7.8 Hz, 1H), 7.74 (t, J = 7.8 Hz, 1H), 7.66 (d, J; 7.8 Hz, 

1H), 7.45 (d, J = 7.8 Hz, 1H), 5.24 (dd, J = 2.7, 9.6 Hz, 1H), 3.28-3.10 (m, 2H), 2.61-

2.48 (m, 1H), 2.47 (s, 3H), 2.30-2.12 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 203.0, 

160.6, 159.1, 149.2, 134.7, 127.0, 126.7, 126.7, 120.5, 65.0, 31.2, 27.5, 23.1; IR (thin 

film) ν 2973, 2899, 1720, 1662, 1628, 1471, 1171, 801, 697 cm-1; HRMS (ESI) m/z: 

[M+H]
+
 calcd. for C13H12N2O2 229.0972, found 229.0976. 
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1-acetyl-7-bromo-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one (106b) 

Prepared according to general procedure E. Yield 59% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 8.36 (d, J = 2.4 Hz, 1H), 7.82 (dd, J = 2.4, 8.7 Hz, 1H), 7.54 (d, J; 8.7 

Hz, 1H), 5.26 (dd, J = 2.7, 9.6 Hz, 1H), 3.26-3.06 (m, 2H), 2.63-2.51 (m, 1H), 2.39 (s, 

3H), 2.27-2.19 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 202.6, 159.5, 159.5, 148.2, 

137.8, 129.3, 128.9, 122.0, 120.1, 65.0, 31.2, 27.5, 23.0; IR (thin film) ν 3335, 2923, 

2833, 1673, 1465, 1019, 664 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd.  

For C13H11BrN2O2 307.0077, found 307.0079. 

 

 

1-acetyl-6-chloro-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one (106c) 

Prepared according to general procedure E. Yield 64% as a pale-yellow solid. 1H 

NMR (300 MHz, CDCl3) δ 8.16 (d, J = 8.4 Hz, 1H), 7.65 (d, J = 1.8 Hz, 1H), 7.41 

(dd, J = 1.8, 8.4 Hz, 1H), 5.25 (dd, J = 3.0, 9.9 Hz, 1H), 3.22-3.13 (m, 2H), 2.63-2.51 

(m, 1H), 2.39 (s, 3H), 2.29-2.18 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 202.8, 160.4, 

160.0, 150.4, 140.9, 128.1, 127.2, 126.8, 119.1, 65.0, 31.2, 27.5, 23.0; IR (thin film) ν 

3332, 2944, 2832, 1668, 1601, 1423, 1019, 604 cm-1; HRMS (ESI) m/z: [M+H]
+
 

calcd. for C13H11ClN2O2 263.0584, found 263.0582. 
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1-acetyl-7-methoxy-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one (106d) 

Prepared according to general procedure E. Yield 60% as a brown solid. 1H NMR 

(300 MHz, CDCl3) δ 7.61 (d, J = 2.7 Hz, 1H), 7.59 (d, J = 8.7 Hz, 1H), 7.34 (dd, J; 

2.7, 8.7 Hz, 1H), 5.24 (dd, J = 3.3, 9.9 Hz, 1H), 3.90 (s, 3H), 3.26-3.05 (m, 2H), 2.62-

2.56 (m, 1H), 2.38 (s, 3H), 2.28-2.19 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 203.2, 

160.6, 158.4, 156.7, 144.0, 128.6, 124.8, 121.3, 106.3, 65.0, 55.9, 30.9, 27.5, 23.3; IR 

(thin film) ν 2919, 2832, 1668, 1620, 1148, 1031, 826, 748 cm-1; HRMS (ESI) m/z: 

[M+H]
+
 calcd. for C14H14N2O3 259.1077, found 259.1080. 

 

 

1-acetyl-6-methoxy-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one (106e) 

Prepared according to general procedure E. Yield 60% as a brown solid. 1H NMR 

(300 MHz, CDCl3) δ 8.12 (d, J = 8.7 Hz, 1H), 7.14 (d, J = 2.4 Hz, 1H), 7.04 (dd, J; 

2.4, 8.7 Hz, 1H), 5.26 (d, J = 7.2 Hz, 1H), 3.92 (s, 3H), 3.26-3.22 (m, 2H), 2.60-2.56 

(m, 1H), 2.39 (s, 3H), 2.24-2.21 (m, 1H); 13C NMR (75 MHz, CDCl3) δ 203.0, 165.1, 

160.1, 160.0, 150.7, 128.3, 116.7, 113.9, 107.6, 65.1, 55.9, 31.2, 27.5, 23.1; IR (thin 

film) ν 2922, 2830, 1677, 1620, 1148, 1027, 824, 741 cm-1; HRMS (ESI) m/z: 

[M+H]
+
 calcd. for C14H14N2O3 259.1077, found 259.1080. 
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1-acetyl-6,7-dimethoxy-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one (106f) 

Prepared according to general procedure E. Yield 66% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 7.73 (s, 1H), 7.44 (s, 1H), 5.41 (d, J = 7.2 Hz, 1H), 4.16 (s, 3H), 4.13 

(s, 3H), 3.41-3.27 (m, 2H), 2.76-2.68 (m, 1H), 2.55 (s, 3H), 2.44-2.40 (m, 1H); 13C 

NMR (75 MHz, CDCl3) δ 203.3, 160.0, 157.8, 155.3, 149.0, 145.5, 113.7, 107.6, 

105.8, 65.1, 56.4, 56.4, 31.2, 27.5, 23.3; IR (thin film) ν 2936, 2927, 1657, 1609, 

1266, 1174, 874, 824 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for C15H15N2O4 

289.1183, found 289.1189. 

 

 

1-acetyl-2,2-dimethyl-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one (106h).  

Prepared according to general procedure E. Yield 58% as a brown solid. 1H NMR 

(300 MHz, CDCl3) δ 8.20 (dd, J = 1.2, 7.8 Hz, 1H), 7.73 (dt, J = 1.2, 7.8 Hz, 1H), 

7.66 (dd, J; 1.2, 7.8 Hz, 1H), 7.43 (dt, J = 1.2, 7.8 Hz, 1H), 4.86 (s, 1H), 3.14 (d, J = 

16.8 Hz, 1H), 2.81 (d, J = 16.8 Hz, 1H), 2.37 (s, 3H), 1.30 (s, 3H), 1.26 (s, 3H); 13C 

NMR (75 MHz, CDCl3) δ 204.2, 160.6, 158.6, 148.9, 134.7, 126.9, 126.6, 126.6, 

120.6, 73.3, 45.6, 38.5, 30.6, 29.9, 23.4; IR (thin film) ν 3338, 2964, 1672, 1626, 

1468, 773, 698 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for C15H16N2O2 257.1285, 

found 257.1284. 
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4.9 Synthesis of 2-(3,3-dichloro-4-oxopentyl)quinazolin-4(3H)-one (4a) 

General Procedure F 

 

 

A round bottom flask equipped with a magnetic stirring bar was charged with  

2-(4-oxopentyl)quinazolin-4(3H)-one (102a) (1.0 mmol) and N-chlorosuccinimide 

(2.1 equiv.) in DCM (5 mL).  The resulting mixture was added TFA (40 mol%) and 

stirred at 40
o
C for 15 h. After that, the resulting mixture was cooled to room 

temperature, neutralized with sat. NaHCO3, extracted with DCM. The organic layer 

was washed with brine and dried over anhydrous Na2SO4, filtered and concentrated. 

The residue was purified by column chromatography (9:1 CH2Cl2:EtOAc) to provide 

2-(3,3-dichloro-4-oxopentyl)quinazolin-4(3H)-one (154a) (78%), brown solid; 1H 

NMR (300 MHz, CDCl3) δ 10.04 (s, 1H), 8.32 (dd, J = 0.9, 6.9 Hz, 1H), 7.85-7.74 

(m, 2H), 7.58 (dt, J = 0.9, 6.9 Hz, 1H), 3.20-3.14 (m, 2H), 3.04-2.98 (m, 2H), 2.26 (s, 

3H); 13C NMR (75 MHz, CDCl3) δ 206.1, 161.7, 151.1, 147.0, 135.2, 128.7, 128.7, 

126.9, 121.7, 86.5, 39.9, 38.5, 30.2; IR (thin film) ν 3032, 1668, 1605, 780, 767, 651, 

531 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for C13H12Cl2N2O4 321.0168, found 

321.0168. 
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2-(3,3-dibromo-4-oxopentyl)quinazolin-4(3H)-one (155a),  

Prepared according to general procedure F. Using N-bromosuccinimide (2.1 equiv) 

brown solid; 1H NMR (300 MHz, CDCl3) δ 9.96 (s, 1H), 8.31 (dd, J = 0.9, 8.1 Hz, 

1H), 7.80 (dt, J = 0.9, 8.1 Hz, 1H), 7.74 (d, J = 8.1 Hz, 1H), 7.57 (dt, J = 0.9, 8.1 Hz, 

1H), 3.33-3.27 (m, 2H), 3.07-3.02 (m, 2H), 2.26 (s, 3H); 13C NMR (75 MHz, CDCl3) 

δ 206.0, 161.6, 152.0, 146.8, 135.2, 128.8, 128.7, 126.8, 121.5, 62.0, 42.5, 40.4, 30.3; 

IR (thin film) ν 3036, 1672, 1604, 1400, 1162, 780 cm-1; HRMS (ESI) m/z: [M+H]
+
 

calcd. for C13H12Br2N2O2 386.9338, found 386.9339. 

 

 

 

2-(3-chloro-4-oxopentyl)quinazolin-4(3H)-one (153a),  

Prepared according to general procedure F. L-proline 20 mol% was added as a 

catalyst. white solid; 1H NMR (300 MHz, DMSO-d6) δ 8.11 (d, J = 7.5 Hz, 1H), 7.82 

(t, J = 8.1 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.53 (t, J = 7.5 Hz, 1H), 4.89 (t, J = 7.5 

Hz, 1H), 2.75-2.54 (m, 2H), 2.44-2.26 (m, 2H), 2.08 (s, 3H); 13C NMR (75 MHz, 

DMSO-d6) δ 207.2, 161.6, 154.2, 148.0, 134.6, 127.4, 127.3, 125.9, 121.5, 58.6, 39.7, 

29.7, 28.5; IR (thin film) ν 3133, 1682, 1622, 1400, 895, 774 cm-1; HRMS (ESI) m/z: 

[M+H]
+
 calcd. for C13H13ClN2O2 265.0739, found 265.0738. 
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4.10 Synthesis of 5-(4-oxo-3,4-dihydroquinazolin-2-yl)pentane-2,3-dione (156a) 

 

 

 

A round bottom flask equipped with a magnetic stirring bar was charged with  

2-(4-oxopentyl)quinazolin-4(3H)-one (102a) (1.0 mmol) and N-iodosuccinimide (2.1 

equiv.) in DCM (5 mL).  The resulting mixture was added TFA (40 mol%) and stirred 

at 40
o
C for 16 h. After that, the resulting mixture was cooled to room temperature, 

neutralized with sat. NaHCO3, extracted with DCM. The organic layer was washed 

with brine and dried over anhydrous Na2SO4, filtered and concentrated. The residue 

was purified by column chromatography (9:1 CH2Cl2:EtOAc) to provide 5-(4-oxo-

3,4-dihydroquinazolin-2-yl)pentane-2,3-dione (156) (65%) ; white solid; 1H NMR 

(300 MHz, CDCl3) δ 9.91 (s, 1H), 8.37 (dd, J = 1.2, 7.5 Hz, 1H), 7.92-7.82 (m, 2H), 

7.64 (dt, J = 1.2. 7.5 Hz, 1H), 3.50 (t, J = 6.3 Hz, 2H), 2.97 (t, J = 6.3 Hz, 2H), 2.27 

(s, 3H); 13C NMR (75 MHz, CDCl3) δ 206.3, 195.0, 160.6, 147.7, 144.9, 134.9, 129.4, 

129.2, 126.9, 123.6, 37.2, 30.3, 29.8; IR (thin film) ν 3040, 2922, 1707, 1626, 1597, 

1137, 776, 690 cm-1; HRMS (ESI) m/z: [M+H]
+
 calcd. for C13H12N2O3 245.0921, 

found 245.0922. 
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4.11 Synthesis of acetylpyrroloe quinazolinones 157 

General Procedure G 

 

 

 

 A round bottom flask equipped with a magnetic stirring bar was charged with  

2-(4-oxopentyl)quinazolin-4(3H)-one (102) (1.0 mmol) and N-chlorosuccinimide (2.1 

equiv.) in DCM (5 mL).  The resulting mixture was added TFA (40 mol%) and stirred 

at 40
o
C for 15 h. After that, the resulting mixture was cooled to room temperature, 

neutralized with sat. NaHCO3, extracted with DCM. The organic layer was washed 

with brine and dried over anhydrous Na2SO4, filtered and concentrated. Then, the 

residue mixture was charged with p-toluenesulfonic acid (1.0 equiv.) in DMSO (2 

mL).  The resulting mixture was added H2O (2.0 equiv.) and stirred at 90
o
C for 18 h. 

After that, the resulting mixture was cooled to room temperature, neutralized with 

sat.NaHCO3, extracted with EtOAc. The organic layer was washed with brine  

and dried over anhydrous Na2SO4, filtered and concentrated. The residue was purified  

by column chromatography (4:1 CH2Cl2:EtOAc) to provide acetylpyrroloe 

quinazolinones 157. 

 

 

 

1-acetylpyrrolo[2,1-b]quinazolin-9(3H)-one (157a).  

Prepared according to general procedure G. Yield 67% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 8.29 (dd, J = 1.2, 7.2 Hz, 1H), 7.90 (dt, J = 1.2, 7.2 Hz, 1H), 7.84 (dd, 
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J; 1.2, 7.2 Hz, 1H), 7.57 (dt, J = 1.2, 7.2 Hz, 1H), 5.16 (dd, J = 4.5, 8.4 Hz, 1H), 3.40 

(dd, J = 8.4, 14.4 Hz, 1H), 3.26 (dd, J = 4.5, 14.4 Hz, 1H), 2.41 (s, 3H); 13C NMR (75 

MHz, CDCl3) δ 201.0, 159.8, 154.7, 148.6, 135.3, 128.6, 128.4, 126.9, 121.1, 81.4, 

61.9, 47.3, 27.8; IR (thin film) ν 3032, 2920, 1686, 1631, 1465, 1165, 770, 691 cm-1; 

HRMS (ESI) m/z: [M+Na]
+
 calcd. for C13H10N2O2 249.0634, found 249.0637. 

 

 

 

1-acetyl-6-methoxypyrrolo[2,1-b]quinazolin-9(3H)-one (157b) 

Prepared according to general procedure F. Yield 51% as a brown solid. 1H NMR 

(300 MHz, CDCl3) δ 8.19 (d, J = 9.0 Hz, 1H), 7.30 (d, J = 2.4 Hz, 1H), 7.13 (dd, J; 

2.4, 9.0 Hz, 1H), 5.13 (dd, J = 4.8, 8.1 Hz, 1H), 3.94 (s, 3H), 3.40 (dd, J = 8.1, 14.4 

Hz, 1H), 3.26 (dd, J = 4.8, 14.4 Hz, 1H), 2.41 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 

201.3, 165.4, 159.4, 155.5, 151.1, 128.4, 118.4, 114.4, 109.5, 81.6, 61.9, 56.0, 47.4, 

27.7; IR (thin film) ν 2942, 2831, 1679, 1610, 1446, 1110, 1021, 619 cm-1; HRMS 

(ESI) m/z: [M+Na]
+
 calcd. for C14H12N2O3 279.0740, found 279.0745. 

 

 

1-acetyl-7-methoxypyrrolo[2,1-b]quinazolin-9(3H)-one (157c) 

Prepared according to general procedure F. Yield 51% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 7.84 (d, J = 9.0 Hz, 1H), 7.67 (d, J = 2.7 Hz, 1H), 7.43 (dd, J; 2.7, 9.0 

Hz, 1H), 5.15 (dd, J = 4.8, 8.1 Hz, 1H), 3.94 (s, 3H), 3.39 (dd, J = 8.1, 14.1 Hz, 1H), 

3.27 (dd, J = 4.8, 14.1 Hz, 1H), 2.42 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 201.1, 
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159.8, 159.7, 152.6, 143.1, 130.2, 125.3, 122.2, 106.7, 81.5, 62.0, 56.1, 47.6, 27.8; IR 

(thin film) ν 2943, 2832, 1674, 1448, 1113, 1021, 620 cm-1; HRMS (ESI) m/z: 

[M+Na]
+
 calcd. for C14H12N2O3 279.0745, found 279.0740. 

 

 

1-acetyl-6-chloropyrrolo[2,1-b]quinazolin-9(3H)-one (157d) 

Prepared according to general procedure F. Yield 56% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 8.21 (d, J = 8.4 Hz, 1H), 7.88 (d, J = 1.5 Hz, 1H), 7.51 (dd, J = 1.5, 

8.4 Hz, 1H), 5.14 (dd, J = 4.5, 8.4 Hz, 1H), 3.40 (dd, J = 8.4, 14.4 Hz, 1H), 3.25 (dd, 

J = 4.5, 14.4 Hz, 1H), 2.40 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 200.5, 159.2, 156.0, 

149.6, 141.7, 129.0, 128.3, 128.2, 120.0, 81.3, 62.0, 47.2, 27.8; IR (thin film) ν 3065, 

1683, 1598, 1379, 921, 837, 770, 682 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for 

C13H9ClN2O2 283.0245, found 283.0251. 

 

 

1-acetyl-7-bromopyrrolo[2,1-b]quinazolin-9(3H)-one (157e) 

Prepared according to general procedure F. Yield 53% as a white solid. 1H NMR (300 

MHz, CDCl3) δ 8.41 (d, J = 2.1 Hz, 1H), 7.91 (dd, J = 2.1, 8.7 Hz, 1H), 7.76 (d, J; 8.7 

Hz, 1H), 5.15 (dd, J = 4.5, 8.1 Hz, 1H), 3.40 (dd, J = 8.1, 14.4 Hz, 1H), 3.26 (dd, J = 

4.5, 14.4 Hz, 1H), 2.40 (s, 3H); 13C NMR (75 MHz, CDCl3) δ 200.4, 158.6, 155.1, 

147.5, 138.5, 130.2, 129.6, 122.5, 122.3, 81.3, 62.1, 47.2, 27.7; IR (thin film) ν 2942, 

2831, 1687, 1633, 1465, 1021, 644 cm-1; HRMS (ESI) m/z: [M+Na]
+
 calcd. for 

C13H9BrN2O2 326.9740, found 326.9732. 
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Abstract Straightforward synthesis of quinazolinones having N-fused
medium-sized ring urea was accomplished. Key intermediates were tert-
butyl {2-[4-oxo-2-(4-oxopentyl)quinazolin-3(4H)-yl]ethyl}carbamates
derived from copper-catalyzed domino reaction of tert-butyl [2-(2-io-
dobenzamido)ethyl]carbamates and cyclic enaminones. Steric hin-
drance of cyclic enaminones played an important role in the formation
of quinazolinone ring. The eleven-membered ring urea moiety was
readily achieved by direct cyclization using 1,1′-carbonyldiimidazole
(CDI) of diamino intermediate generated by readily reductive amination
and deprotection of tert-butyl {2-[4-oxo-2-(4-oxopentyl)quinazolin-
3(4H)-yl]ethyl}carbamates.

Key words tricyclic quinazolinones, copper-catalyzed domino reac-
tion, C–N bond formation, medium-sized ring heterocycles, cyclic ureas

The development of methodologies for the synthesis of
novel core structures remains a significant challenge for or-
ganic chemists especially involving the discovery of phar-
maceutical candidates. Quinazolinones are one of the most
important N-containing heterocycles due to their presence
in natural products and a broad range of biological proper-
ties, such as anticancer, anti-inflammatory, antihyperten-

sive, antitumor, antihypertensive, and antidiabetic among
others.1 Additionally, N-fused cyclic quinazolinones also
disclosed a variety of biological properties from both natu-
ral and synthetic products.2 Therefore, the development of
methodologies in constructing N-fused quinazolinones in-
cluding novel core structure remains important.3 Previously
we reported the synthesis of quinazolinones from 2-iodo-
benzamides and cyclic enaminone (Scheme 1). The corre-
sponding quinazolinones could be potentially further func-
tionalized due to the generation of a ketone functionality.4
In this work, we envisioned that having extra nitrogen nuc-
leophile on the 2-iodobenzamide would allow us to con-
struct a new cyclic structure derived from the nitrogen and
ketone providing new core structure of quinazolinones
fused with medium-sized-ring heterocycles (Scheme 1).
Based on our knowledge, the medium-sized-ring heterocy-
cles were unique molecular structures and commonly
found in bioactive natural products and therapeutically im-
portant molecules.5 Therefore, the exploration of drug can-
didates containing medium-sized ring N-containing hetero-
cycles have been remained important, especially cyclic urea
moiety.6 Here, we report a straightforward method for the
synthesis of quinazolinones fused with an eleven-mem-
bered ring urea.

Scheme 1  Copper-catalyzed domino reaction of cyclic enaminone
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To investigate the reaction of tert-butyl [2-(2-iodoben-
zamido)ethyl]carbamate 1a and cyclic enaminone 2a, we
initially used the reaction conditions previously reported.4
A resulting product yield was moderate giving a corre-
sponding quinazolinone in 63% (entry 1, Table 1). Therefore,
further optimization conditions were required (Table 1).
We began with a variety of solvents. Significantly, low polar
solvent, tetrahydrofuran (THF), provided high yield of the
product (83%, entry 3, Table 1). On the contrary, high polar
solvents such as DMF and DMSO gave low yields of product,
32% and 46%, respectively (entries 4 and 5, Table 1). In addi-
tion, fairly good yield was observed (72%), when toluene
was used (entry 2, Table 1). Next, common weak bases were
applied. We found that K3PO4 gave a slight increase of the
product yield (85%, entry 7, Table 1), while K2CO3 surpris-
ingly gave no product (entry 6, Table 1). Generally, the reac-
tion was applicable to a wide range of common ligands such
as dimethylethylendiamine (DMEDA), 1,2-trans-diaminocy-
clohexane, and picolinic acid resulting in 82%, 88%, and 78%
yields of product, respectively (entries 8–10, Table 1). Inter-
estingly, without an external ligand the reaction still gave a
good yield of the product (72%, entry 11, Table 1). This find-
ing implicitly suggested that the diamino moiety of the am-
ide starting material could act as ligand in the reaction,
since in our previous work the copper coupling reaction of
cyclic enaminone required the presence of ligand.4 Other

copper salts were also applicable to the reaction giving the
product in moderate yields (entries 12–14, Table 1). Based
on these results the use of CuI as a catalyst, 1,2-trans-di-
aminocyclohexane as a ligand, and K3PO4 as a base in THF
were the optimal conditions (entry 9, Table 1).

After the optimized conditions had been obtained, we
investigated a variety of tert-butyl [2-(2-iodobenzami-
do)ethyl]carbamates (2-iodobenzamides, 1) and 2a
(Scheme 2). A broad spectrum of 2-iodobenzamide deriva-
tives were applicable to the reaction. Having an electron-
withdrawing group, the 2-iodobenzamides provided mod-
erate yields of the corresponding products 3b. 2-Iodoben-
zamides having halogen substituents also provided good
yields of products; 3-bromo-2-iodobenzamides gave 80%
yield (3c), and 4-chloro-2-iodobenzamide also gave good
yield (70%, 3d). Moreover, the reaction proceeded well with
2-iodobenzamides having electron-donating-group substit-
uents. The 3-methoxy- and 4-methoxy-substituted 2-iodo-
benzamides gave a yield of 78% and 74% (3e and 3f), respec-
tively. A similar result was obtained from the reaction of
3,4-dimethoxy-substituted 2-iodobenzamide giving 80%
yield of product 3g.

Next, we turned our interest to the steric effect of cyclic
enaminones. Therefore, we selected three cyclic enami-
nones having methyl substituent on different carbon; 3-
amino-5,5-dimethylcyclohex-2-enone (2b), 3-amino-5-

Table 1  Optimization Reaction of tert-Butyl [2-(2-Iodobenzamido)ethyl]carbamate 1a and Cyclic Enaminone 2aa

Entry Cu salts Ligands Bases Solvents Yield (%)b

1 CuI L-proline Cs2CO3 MeCN 63

2 CuI L-proline Cs2CO3 toluene 72

3 CuI L-proline Cs2CO3 THF 83

4 CuI L-proline Cs2CO3 DMF 32

5 CuI L-proline Cs2CO3 DMSO 46

6 CuI L-proline K2CO3 THF 0

7 CuI L-proline K3PO4 THF 85

8 CuI DMEDA K3PO4 THF 82

9 CuI 1,2-trans-diaminocyclohexane K3PO4 THF 88

10 CuI picolinic acid K3PO4 THF 78

11 CuI – K3PO4 THF 72

12 CuCl 1,2-trans-diaminocyclohexane K3PO4 THF 67

13 CuBr 1,2-trans-diaminocyclohexane K3PO4 THF 70

14 Cu(OAc)2 1,2-trans-diaminocyclohexane K3PO4 THF 54
a Reaction conditions: 1a (0.5 mmol), 2a (0.6 mmol), cat. (5 mol%), ligand (10 mol%), base (2.5 equiv), solvent (0.2 M), and 90 °C for 15 h in sealed tube.
b Isolated yield.
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methylcyclohex-2-enone (2c), and 3-amino-6,6-dimethyl-
cyclohex-2-enone (2d). We performed the reaction with
those three enaminones under the optimal conditions (Ta-
ble 2).

Having geminal dimethyl substituents at carbon 6 pro-
vided the corresponding quinazolinone in good yield (74%,

entry 1, Table 2). On the contrary, no corresponding
quinazolinone product was isolated when the 3-amino-5,5-
dimethylcyclohex-2-enone was subjected to the reactions
(entry 2, Table 2). Instead, the N-aryl adduct intermediate 4
was isolated in high yield (75%, Scheme 3)

Scheme 2  Reactions of tert-butyl [2-(2-iodobenzamido)ethyl]carbamates 1 and 2a. Reagents and conditions: 1 (0.5 mmol) and 2a (0.6 mmol) in sealed 
tube. a Isolated yield.

N
H

O

I

R

NHBoc
+

O NH2

N

O

N

R
O

NHBoc
5 mol% CuI

10 mol% diaminocyclohexane
2.5 equiv K3PO4

0.2 M THF
90 °C, 15 h

1 2a 3

N

O

N

O

NHBoc

3a, 88%a

N

O

N

O

NHBoc

O2N

3b, 54%

N

O

N

O

NHBoc

Br N

O

N

O

NHBoc

Cl

3c, 80% 3d, 70%

N

O

N

O

NHBoc

N

O

N

O

NHBoc

MeO N

O

N

O

NHBoc

MeO

MeOMeO

3e, 78% 3g, 80%3f, 74%

Table 2  Reaction of Methyl-Substituted Cyclic Enaminonesa

Entry Cyclic enaminone Product (yield, %)b

1

2b
3h 74

2
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3i 0
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On the other hand, the reaction performed smoothly
with one methyl substituent giving the corresponding
quinazolinone in 77% yield (entry 3, Table 2). Based on
these results we rationally hypothesized that the key chem-
ical transformation, in which a nucleophile nitrogen ap-
proached to an electrophile carbon, underwent through
possibly planar conformation of the adduct intermediate 4.
The reaction of 2c gave no quinazolinone product because
the geminal dimethyl substituents prevented the electro-
phile carbon from the approaching of the nucleophile nitro-
gen (Figure 1).

Figure 1  Possible conformation of the adduct intermediate for intra-
molecular Michael addition

Next, we turned our interest to utilize the quinazoli-
none products to achieve the synthesis of a novel core
structure. In this case, we envisioned that having the ketone
functionality and also the amine moiety in the molecule
would allow us to construct a new ring readily. The medi-
um-sized urea rings caught our attention since they have
been commonly found in both bioactive natural products
and synthetic molecules.6 Therefore, we aimed our target to
accomplish the synthesis of quinazolinone fused with a
medium-sized ring urea.

The synthesis was straightforward and simple, starting
with reductive amination and Boc deprotection followed by
urea formation (Scheme 4). The diamino intermediate was

smoothly obtained under mild conditions from the reduc-
tive amination using sodium triacetoxyborohydride7 as a
reducing agent, followed by Boc deprotection with tradi-
tional trifluoroacetic acid (TFA) method. To construct the
medium-sized ring with urea moiety, we selected a modi-
fied method from Padiya using 1,1′-carbonyldiimidazole
(CDI) as a carbonyl source since CDI was comparatively mild
and not toxic like other reagents.8 To our delight, Lam and
coworkers reported the use of CDI to directly construct a
core seven-membered cyclic urea from the corresponding
diamino starting material.9 Nicely, the corresponding
quinazolinones fused with eleven-membered ring urea
were obtained with moderate to good yields over three
steps (Scheme 5). Although we did not exhaustively explore
the scope of medium-sized ring urea, we found that our
copper-catalyzed domino reaction of cyclic enaminones to
form quinazolinones with amino and ketone moieties have
shown great potential to access other heterocycle-fused
quinazolinones.

In summary, we have accomplished the synthesis of
quinazolinone having amino and ketone moieties.10–13 The
key reaction was the Cu-catalyzed domino reaction of cyclic
enaminone and tert-butyl [2-(2-iodobenzamido)ethyl]car-
bamate. Based on the reaction, we found that the cyclic
enaminone having disubstituent at C5 was not suitable to
obtain the corresponding quinazolinones due to the steric
hindrance of the N-aryl adduct intermediate. Noteworthy,
the reaction could perform smoothly without the addition
of ligand. It is noteworthy that the diamino moiety of the
amide starting material could act as ligand. In addition, we
have demonstrated the straightforward utilization of the
corresponding quinazolinones to obtain the unique core
structure, a medium-sized ring urea-fused quinazolinone.
The chemical transformations include reductive amination,
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deprotection, and urea transformation to obtain the corre-
sponding products in moderate to good yields over three
steps.
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was added trifluoroacetic acid (3.0 mL). The mixture was stirred
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a b s t r a c t

Two deoxyvasicinone analogues were obtained from 2-(4-oxopentyl)quinazolin-4(3H)-ones via different
process of linear cyclizations. The first was 1-acetyl-2,3-dihydropyrrolo[2,1-b]quinazolin-9(1H)-one ana-
logue derived from direct cyclization in the presence of I2 in basic condition. The other was 1-acetylpyr-
rolo[2,1-b]quinazolin-9(3H)-one analogue obtained from two-step procedures beginning with geminal
dichlorination in acidic condition, followed by intramolecular CAN bond formation in the presence of
para-toluenesulfonic acid.

� 2023 Elsevier Ltd. All rights reserved.

Introduction

Quinazolione alkaloids are one of important N-heterocyclic
compounds commonly found in natural products and pharmaceu-
ticals that display a wide range of biological activities.[1] Quina-
zolinones containing fused-ring systems have been drawn
attention due to their molecular structure challenging or biological
activities (Scheme 1). [2] Vasicinone and deoxyvasicinone are the
quinazolinone fused with pyrrolidine ring isolated from aerial
parts of an evergreen subherbaceous bush Adhatoda vasica. [3]
They and their derivatives exhibit antitumor, [4] hypotensive, [5]
anthelmintic, [6] antianaphylactic [7] and brochodilating [8] activ-
ities. Therefore, syntheses of deoxyvasicinone, vasicinone and their
derivatives have been developed consistently (Fig. 1). [9]

Generally, the preparation of deoxyvasicinone derivertives was
conducted with the reaction of anthranilic derivatives and deriva-
tives of pyrrolidones [10] or c-aminobutyric acids. [11] Direct
cyclization of corresponding quinazolinones was an alternative
method to construct linear tricyclic quinazolinones. [12] Both 2
and 3-substituted quinazoliones with derivatives of propyl sub-
stituents underwent to ring closure to form the pyrrolidine readily.
For an example, 2-(3-hydroxypropyl)quinazolin-4(3H)-one, pega-
mine, provided a corresponding deoxyvasicinone via intramolecu-
lar Mitsunobu ring-closure reaction. [1a,13] On the other hand,

3-(3-halopropyl)quinazolinon-4-(3H)-one underwent peroxide-
mediated radical cyclization to obtain a corresponding deoxyvasi-
cinone. [14] Previously, we reported the synthesis of quinazoli-
nones with an alkyl pendent of ketone moiety from copper-
catalyzed domino reaction of N-benzyl 2-iodobenzamide and cyc-
lic enaminones (Fig. 2, A). [15] Based on the reaction, we envi-
sioned that changing the N-benzyl to N-hydrogen we could
obtain the corresponding quinazolinone 1 (Fig. 2, B). Next, with
the ketone functionality we could directly functionalize an alpha
position, such as introducing halogen atom to obtain halogenated
quinazolinone (2). Having free nitrogen as a nucleophile and alpha
halogenated moiety as an electrophile, 2 could possibly undergo to
intramolecular cyclization to give 1-acetyl deoxyvasicinone (3).

Based on our knowledge, a few derivatives of 1-substituted-2,3-
dihydropyrrolo[2,1-b]quinazolin-9(1H)-one have been reported.
For examples, 1-Methyl deoxyvasicinone was introduced by
Nishiyama and co-workers from the selenium-catalyzed reductive
N-heterocyclization of 5-methyl-1-(2-nitrobenzoyl)pyrrolidin-2-
one with CO2. [16] Deoxyvasicinone having carboxylic acid func-
tionality was reported by Liu and co-workers via the reaction of
anthranilic acid and 2-tert-butoxycarbonylamino-pentanedioic
acid 1-tert-butylester in the presence of P(OPh)3 under microwave
irradiation. [9e] The Laufersweiler’s research group also reported
the synthesis of 1-carboxyl deoxyvasicinone as their key interme-
diate for their evaluation of tricyclic pyrrolopyrimidones as dipep-
tide mimetics: Inhibition of interleukin-1b-converting enzyme.
[17] Herein, we introduce two straightforward protocols to obtain
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two analogues of deoxyvasicinone derivatives from 2-(4-oxopen-
tyl)quinazolin-(4(3H)-ones (1).

Results and discussions

We began our investigation with an exploration of common
halogenating reagents, such as iodine, N-iodosuccinimide, N-bro-
mosuccinimide, N-chlorosuccinimide and 1,3-dichloro-5,5-
dimethylhydantoin in both basic and acidic conditions. A reaction
of 2-(4-oxopentyl)quinazolin-4(3H)-one (1a) was selected as the
reaction model (Table 1).

The exploration was started with the basic condition. To our
delight, Zhang and co-worker elegantly reported an intramolecular
CAN bond formation mediated by I2 of 20-tert-butyloxycarbony-
lamino-1,3-diphenylpropanones to obtain a corresponding N-Boc-
2-benzoylindolines. [18] Therefore, we applied their conditions to
the reaction. Nicely, we obtained the acetyl deoxyvasicinone (3a)
in 32% with 58% recovery yield of starting material 1a (entry 1).

Next, other halogenating reagents, such as NIS, NBS and NCS, were
subjected to the exploration. All of them gave low yields of 3a and
high recovery yields of starting material (entries 2–4). Next, we
turned our focus on an acidic condition. We began the exploration
with 1.2 equiv. of NCS and 20 mol% TFA in CH2Cl2. We did not find
3a. Instead a monochloro 2a and germinal dichloro 4a were
obtained in 23% and 20% yield, respectively (entry 5). The regiose-
lectivity of 4a was favorable due to possibly the formation of more
stable chloro enol intermediate in acidic condition. In addition we
also isolated the quinazolinone 1a in 20% recovery yield. The
attempt to obtain 3a was made by adding L-proline. Unfortunately,
3a was not observed. The yield of 2a was slightly increased to 35%
(entry 6). Although in the presence of L-proline we did not obtain
the geminal dichloro 4a, the recovery yield of 1a was high at
40%. The results suggested that 1a was not reactive to the reaction
condition. However, to drive the reaction to completion, we
increased the amount of NCS to 2.1 equivalent resulting in yielding
geminal dichlo 4a in 78% as an isolable-single product (entry 7).
Changing halogenating reagent to NBS with 2.1 equivalent

Scheme 1. Synthesis of acetyl deoxyvasicinone derivatives.a Reaction condition: 1 (0.6 mmol). bIsolated yield.

Fig. 1. Selected biological active quinazolinones containg fused ring.
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provided geminal dibromo 5a in 66% (entry 8). In addition, the
reactions using NIS or I2 with 2.1 equivalent gave no germinal
diiodo product. Based on the results of acidic conditions, the nitro-
gen nucleophile of quinazolinone could not directly replace the
halogen.

Based on the results from the Table 1, the condition with iodine
in basic condition provided the desired product with the highest
yield. Therefore, we further optimized the reaction condition with
iodine as a halogenating reagent (Table 2).

Table 1
Exploration of common halogenating reagents.a

Entry Reagent Conditions Product % Yieldb

1 I2 [1.5 equiv.] A 3a:1a 32:58c

2 NIS [1.5 equiv.] A 3a:1a 22:69c

3 NBS [1.5 equiv] A 3a:1a 15:77c

4 NCS [1.5 equiv.] A 3a:1a 5:91c

5 NCS [1.2 equiv.] B 2a:4a:1a 23:20:20c

6 NCS [1.2 equiv.] Bd 2a:4a:1a 35:0:40c

7 NCS [2.1 equiv.] B 4a 78
8 NBS [2.1 equiv.] B 5a 66

a Condition: 1a (0.6 mmol); A: K2CO3 (3.0 equiv.), MeOH (0.1 M), 60 �C, 16 h; B: TFA (20 mol%), CH2Cl2 (0.1 M), 40 �C, 16 h.
b Isolated yield.
c Recovery yield.
d L-proline (20 mol%) was added.

Fig. 2. Quinazolinone synthesis.
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A variety of bases were applied to the reaction (entries 2–5).
The yield of product was slightly increased to 39% when Cs2CO3

was used (entry 2). Trace amount of product was observed from
reactions with tBuOK (entry 4). Comparable low yields, 22% or
18%, were observed from the reaction with K3PO4 or DBU, respec-
tively (entries 3 and 5). Weak bases were favored for the reaction.
Next we varied the solvent and also heated the reaction to 90 �C.
We found that DMSO was more effective than other solvents pro-
viding the product in 72% yield (entry 6). Other solvents, such as
DMF, MeCN or CHCl3 gave 0% or trace amount of product (entries
7–9). Increasing the reaction temperature to 110 �C diminished
yield of product to 68% (entry 12). Therefore the optimal condition
was the use of I2 and Cs2CO3 in DMSO at 90 �C for 16 h. Note that:
we also explored other halogenating reagents, such as NIS, NBS and
NCS for the optimal condition resulting in 45%, 40% and 0%,
respectively.

With the optimal reaction condition, we next explored a vari-
ety of 1 (Scheme 1). The moderate yields of products were
obtained. The 72% yield was obtained from non-substituted ben-
zene ring of quinazolinone (3a). The yield of product was slightly
diminished when halogen-substituted quinazolinones were used
giving 64% and 59% yields from Cl and Br, respectively (3b and
3c). The 60% was obtained from quinazolinones having 4-meth-
oxy- or 5-methoxy substituent (3d and 3e). Comparable yield
was found in dimethoxy-substituted quinazolinone providing
66% yield of product (3f). The quinzalinone with beta geminal
dimethyl underwent to the reaction giving a corresponding pro-

duct in moderate yield, 58% (3g). Although we did not exhaus-
tively explore the substrate, we found that both electronic
effect of quinzolinone ring and steric effect of alkyl chain played
some certain role in the reaction.

Since we found the condition to provide geminal dichlorinated
adduct (4a) (Table 1, entry 7), we next focused on the utilization of
4a. Greatly, the a-geminal dichlorinated carbonyls could be con-
verted to 1,2-diones efficiently in acidic conditions. [19] Therefore,
we envisioned that we could synthesize an alternative acetyl
deoxyvasicinone having enone functionality (Scheme 2).

We then focused on the formation of the acetyl deoxydehy-
drovasicinone from dichloro adduct. The chemical transformation
was projected to be the formation of diketone followed by the
intramolecular enamine formation in one reaction process. The
conversions of dichloro moiety to the corresponding diketones
were carried out via both basic [20] and acidic [19] conditions.
However, the basic condition consisted of two processes, forma-
tion of dialkoxy and acidic hydrolysis. On the other hand, the
acidic condition could provide the corresponding diketone in
one reaction process via acidic hydrolysis. However, the 80 �C
– 90 �C of the reaction temperature was required. Based on
these findings, we selected the acidic condition. Not only the
reaction could provide diketone in one process, but also the
diketone intermediate could undergo to enamine cyclization in
the presence of acid. The reaction of 2-(3,3-dichloro-4-oxopen-
tyl)quinazolin-4(3H)-one (4a) was selected as a reaction model
(Table 3).

Scheme 2. The synthesis strategy of 1-acetylpyrrolo[2,1-b]quinazolin-9(3H)-one (6a).

Table 2
Optimization reaction with I2.

Entry base Solvent Temperature Yield (%)b

1 K2CO3 MeOH 60 32
2 Cs2CO3 MeOH 60 39
3 K3PO4 MeOH 60 22
4 tBuOK MeOH 60 trace
5 DBU MeOH 60 18
6 Cs2CO3 DMSO 90 72
7 Cs2CO3 DMF 90 0
8 Cs2CO3 MeCN 90 trace
9 Cs2CO3 CHCl3 90 0
12 Cs2CO3 DMSO 110 68

aReaction condition: 1a (0.6 mmol), I2 (1.5 equiv.), base (2.5 equiv.), solvent (0.1 M).
bIsolated yield.
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We began with the common acids, such as conc. H2SO4, conc.
HCl, acetic acid, trifluoroacetic acid (TFA) and p-toluenesulfonic
acid (entries 1–5). Moderate yields of product were observed
except acetic acid giving trace amount of product. The yield of pro-
duct was slightly increased when the 1.0 equivalent of H2O was
added (entry 6). Next, we found that polar solvent was crucial
for the reaction. The use of CHCl3, CH3Ph or CH3CN provided no
reaction or trace amount of product (entries 7–9). DMF also pro-
vided moderate yield of product, 37% (entry 10). The amount of
H2O also played a key role in the reaction (entries 11 and 12).
The yield of product was increased to 62% with 2.0 equivalent of

H2O (entry 11). On the contrary, increasing the amount of H2O to
10.0 equivalent provided decreasing of product yield (entry 12).
The results suggested that the small amount of H2O was necessary
to improve the product yield. A better yield, 67%, was obtained
when 1.0 equivalent of PTSA was used (entry 13). Therefore, the
use of 1.0 equivalent of PTSA and 2.0 equivalent of H2O in DMSO
at 90 �C for 18 h was optimal condition.

After the conditions of both reactions, dichlorination and
cyclization, were optimized, we explored a variety of substrates
(Scheme 3). Satisfactorily, we found that we could accomplish
the product (6) via two-step procedures.

Table 3
The reaction condition of 1-acetylpyrrolo[2,1-b]quinazolin-9(3H)-one formation.a

Entry Acid [mol%] Equiv. of H2O Solvent [M] Temperature Yieldb

1 Conc. H2SO4 [50] – DMSO [0.2] 90 44
2 Conc. HCl [50] – DMSO [0.2] 90 38
3 CH3COOH [50] – DMSO [0.2] 90 trace
4 CF3COOH [50] – DMSO [0.2] 90 41
5 PTSA [50] – DMSO [0.2] 90 51
6 PTSA [50] 1.0 DMSO [0.2] 90 57
7 PTSA [50] 1.0 CH3CN [0.2] 90 trace
8 PTSA [50] 1.0 CH3Ph [0.2] 90 NRc

9 PTSA [50] 1.0 CHCl3 [0.2] 60 trace
10 PTSA [50] 1.0 DMF [0.2] 90 37
11 PTSA [50] 2.0 DMSO [0.2] 90 62
12 PTSA [50] 10.0 DMSO [0.2] 90 50
13 PTSA [100] 2.0 DMSO [0.2] 90 67

a Reaction condition: 4a (0.6 mmol) and 16 h.
b Isolated yield.
c No reaction.

Scheme 3. Two step processes of 1-acetylpyrrolo[2,1-b]quinazolin-9(3H)-one formationsa Reaction condition: 1 (0.6 mmol). bIsolated yield over two steps.
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Non-substituted quinazolinone provided the acetyl deoxydehy-
drovasicinone in 49% yield (6a). Both chloro and bromo-substi-
tuted quinazolinone gave 34% and 31% yields, respectively (6b
and 6c). Methoxy-substituted quinazolinones at C7 and C6 gave

corresponding product in 34% and 33% yields, respectively (6d
and 6e). Although the yields of the products over two steps were
low to moderate, we could simply access to the acetyl deoxyvasi-
cinone analogues readily. In addition, having enone moiety the 1-

Scheme 4. Control experiments.

Scheme 5. The possible chemical transformation.
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acetylpyrrolo[2,1-b]quinazolin-9(3H)-one could be further func-
tionalized to provide more a variety of deoxyvasicinones.

Next, we preliminarily investigated a chemical transformation
from the geminal dichlorinated adduct to the corresponding
deoxyvasicinone product. We conducted a set of control experi-
ments (Scheme 4).

Firstly, we shorted the reaction time to one hour (Scheme 4, eq
1). We hoped that we might find the reaction intermediate, dione 7
in this case. Unfortunately, we did not observe dione 7 from a 1H
NMR of the crude reaction mixture. Instead, 6a was obtained in
8% yield with 85% recovery yield of 4a. Based on the result, we
hypothesized that having nitrogen nucleophile the in situ
intramolecular cyclization occurred to form 6a rapidly. Next, we
prepared the dione adduct 7. Then, we subjected the adduct 7 to
the reaction (Scheme 4, eq 2). Interestingly, no expected product
6a was observed.

Based on the control experiment and the presence of H2O in the
reaction, we proposed the possible reaction transformation that an
acid initially activated the geminal dichloro moiety to form the
chloronium intermediate (Scheme 5). The intermediate could pos-
sibly undergo intramolecular cyclization to form CAN bond, fol-
lowed by an elimination of Cl and isomerization to obtain the 2-
acetyl dehydrodeoxyvasicinone product. Since the reaction went
smoothly in the presence of water, we alternatively proposed that
the chloronium intermediate possibly reacted with water to form
chloro hydrin intermediate, followed by elimination of chloride
ion to generate oxonium intermediate, in which this intermediate
might not be generated when 7 was subjected to the reaction
according to the control experiment. Finally, the cyclization and
isomerization took place to form the product.

Conclusion

We have herein reported the facile syntheses of two deoxyvasi-
cinone analogues, 1-acetyl-2,3-dihydropyrrolo[2,1-b]quinazolin-9
(1H)-ones and 1-acetylpyrrolo[2,1-b]quinazolin-9(3H)-ones, from
2-(4-oxopentyl)quinazolin-4(3H)-one derivatives via two reaction
procedures. Firstly, the 1-acetyl-2,3-dihydropyrrolo[2,1-b]quina-
zolin-9(1H)-ones were obtained smoothly via alpha iodination fol-
lowed by intramolecular CAN bond formation to form the five-
membered ring in basic conditions. The corresponding products
were obtained in moderate to good yields. On the other hand,
the other procedure providing 1-acetylpyrrolo[2,1-b]quinazolin-9
(3H)-ones consisted of two processes, geminal dichlorination and
cyclization. The geminal dichlorination was obtained from the
reaction of N-chlorosuccinimide in acidic condition. The cyclization
was achieved in the presence of PTSA. Although the yields of acetyl
deoxydehydrovasicinones were moderate, we readily could access
to the deoxyvasicinones having rich functional group on the pyr-
role ring. Interestingly, having enone moiety the product could
be potentially further functionalized.
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1H and 13C NMR Spectra of New Compounds  

Figure 10 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 134a in 

CDCl3 
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Figure 11 The 1H (300 MHz) spectra in CDCl3 and 13C NMR (75 MHz) spectra in 

DMSO-d6 of compound 134b 
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Figure 12 The 1H (300 MHz) spectra in CDCl3 and 13C NMR (75 MHz) spectra in 

DMSO-d6 of compound 134C 
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Figure 13 The 1H (300 MHz) spectra in CDCl3 and 13C NMR (75 MHz) spectra in 

DMSO-d6 of compound 134d 
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Figure 14 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 134e in  

DMSO-d6 
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Figure 15 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 134f in 

CDCl3 
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Figure 16 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 134g in 

CDCl3 
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Figure 17 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 134h in 

CDCl3 
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Figure 18 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 135a in 

CDCl3 
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Figure 19 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 135b in 

CDCl3 
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Figure 20 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 135d in 

DMSO-d6 
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Figure 21 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 135e in 

CDCl3 
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Figure 22 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 135f in 

CDCl3 
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Figure 23 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 135g in 

CDCl3 
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Figure 24 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 135h in  

CDCl3 
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Figure 25 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 135i in 

CDCl3 
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Figure 26 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 135j in 

CDCl3 
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Figure 27 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 137k in 

CDCl3 

 

 



145 

 

Figure 28 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 135l in 

CDCl3 
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Figure 29 The 1H (300 MHz) in CDCl3 and 13C NMR (75 MHz) in CDCl3 + CD3OD 

(2 drops) spectra of compound 148a  
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Figure 30 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 148b in 

CDCl3 
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Figure 31 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 148c in 

CDCl3 
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Figure 32 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 148d in 

CDCl3 
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Figure 33 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 148e in 

CDCl3 
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Figure 34 The 1H (300 MHz) spectra in CDCl3 and 13C NMR (75 MHz) spectra in 

DMSO-d6 of compound 148f 
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Figure 35 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 141a in 

CDCl3 
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Figure 36 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 145a in 

DMSO-d6 
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Figure 37 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 102a in 

CDCl3 
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Figure 38 The 1H (300 MHz) in CDCl3 and 13C NMR (75 MHz) spectra of compound 

102b in DMSO-d6 
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Figure 39 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 102c in 

CDCl3 
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Figure 40 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 102d in 

CDCl3 
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Figure 41 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 102e in 

CDCl3 
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Figure 42 The 1H (300 MHz) in CDCl3 and 13C NMR (75 MHz) spectra of compound 

102f in DMSO-d6 
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Figure 43 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 102h in 

CDCl3 
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Figure 44 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 106a in 

CDCl3 
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Figure 45 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 106b in 

CDCl3 

 

 

 



163 

Figure 46 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 106c in 

CDCl3 
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Figure 47 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 106d in 

CDCl3 
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Figure 48 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 106e in 

CDCl3 
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Figure 49 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 106f in 

CDCl3 
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Figure 50 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 106h in 

CDCl3 
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Figure 51 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 154a in 

CDCl3 
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Figure 52 The 1H (300 MHz) in CDCl3 and 13C NMR (75 MHz) spectra of compound 

155a in CDCl3 
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Figure 53 The 1H (300 MHz) in CDCl3 and 13C NMR (75 MHz) spectra of compound 

153a in DMSO-d6 

 

 



171 

Figure 54 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 156a in 

CDCl3 
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Figure 55 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 157a in 

CDCl3 
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Figure 56 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 157b in 

CDCl3 
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Figure 57 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 157c in 

CDCl3 
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Figure 58 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 157d in 

CDCl3 
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Figure 59 The 1H (300 MHz) and 13C NMR (75 MHz) spectra of compound 157e in 

CDCl3 
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