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1. ABSTRACT 

Inflammation is a defense mechanism that restores tissue damages and eliminates pathogens. 1 

Among the Pattern Recognition Receptors that recognize danger or pathogenic signals, 2 

Nucleotide Oligomerization Domain 1 and 2 (NOD1/2) have been identified to play an 3 

important role in innate immunity responses and inhibition of NOD1 could be interesting to 4 

treat severe infections and inflammatory diseases. In this work, we identified the first selective 5 

NOD1 vs NOD2 pathway inhibitors at the nanomolar range based on a 4-anilinoquinazoline 6 

scaffold. We demonstrated that NOD1 inhibition occurs through the inhibition of Receptor 7 

Interacting Protein Kinase 2 (RIPK2), involved in its downstream signaling pathways. 8 

Compound 37 demonstrates no cytotoxicity, a selectivity for RIPK2 over Epithelial and 9 
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Vascular Endothelial Growth Factor Receptors (EGFR/VEGFR) and a capacity to reduce pro-10 

inflammatory cytokine IL-8 secretion. The structure of the RIPK2-compound 37 complex was 11 

resolved by crystallography. The 4-anilinoquinazoline scaffold offers novel perspectives to 12 

design NOD1-RIPK2 inhibitors, potentially useful to treat inflammatory diseases. 13 

KEYWORDS: NOD1, RIPK2, inflammation, inflammatory diseases, kinase inhibitors 

 

 

2. INTRODUCTION 

Inflammation is a defense mechanism with the function to restore tissue damages and to 14 

eliminate pathogens. Inflammation can be sterile when triggered by danger signals (DAMP: 15 

Danger Associated Molecular Pattern) delivered from damaged cells (e.g.: cancer cells) or 16 

external factors (e.g.: pollution, UV). Inflammation can also be of infectious origin (e.g.: 17 

bacteria, virus) and then involves pathogenic signals (PAMP: Pathogen Associated Molecular 18 

Pattern). These patterns, DAMP and PAMP, are recognized by immune cells present in tissues, 19 

through Pattern Recognition Receptors (PRR). PRR activate these cells, inducing defense 20 

mechanisms by the secretion of inflammatory mediators (inflammatory cytokines, chemokines, 21 

interferons…) but also activation of cell death pathways in order to remove pathogen-infected 22 

or damaged cells.[1] Thus, immune cells are key players in the inflammation response because 23 

they act rapidly after detection of a danger. 24 

 

While the Toll-Like Receptors (TLR) family constitutes the majority of PRR, Nucleotide 25 

Oligomerization Domain (NOD) Like Receptors (NLR) have been identified to play an 26 

important role in innate immunity responses.  NOD proteins 1 and 2 (NOD1/2) are the most 27 

widely studied members of the NLR family. They are particularly interesting because they 28 

recognize bacterial components abnormally present in the cytoplasm derived from 29 

peptidoglycans (PGN) of bacteria and trigger various signals vital for host defense and 30 

inflammation,[2,3] including Nuclear Factor-kappa B (NF-kB), stress kinases, and Interferon 31 

Response Factors (IRFs).[4–6] NOD1 is activated by its natural ligand, γ-ᴅ-glutamyl-meso-32 

diaminopimelic acid (ie-DAP), a dipeptide present in many Gram-negative and some Gram-33 

positive bacteria. After NOD1 activation, the binding of Adenosine TriPhosphate (ATP) leads 34 

to auto-oligomerization of the receptor followed by the recruitment of a serine/threonine kinase, 35 

Receptor Interacting Protein Kinase 2 (RIPK2) via a Caspase Activation and Recruitment 36 

Domain (CARD)-CARD interaction resulting in the activation of NF-kB and Mitogen-37 

Activated Protein Kinase (MAPK) signaling. 38 
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It has been reviewed that modulation of NOD1 could be interesting to treat severe infections 39 

and inflammatory diseases.[7] More precisely, studies have demonstrated the role of NOD1 in 40 

host defense (regulation of pulmonary and intestinal innate immunity, cancer), in 41 

cardiovascular diseases (septic shock, atherosclerosis) and in metabolic disorders. For example, 42 

involvement of NOD1 in innate host defense was highlighted in the gastrointestinal tract. It 43 

eliminates gastrointestinal pathogens and regulates inflammatory responses suggesting that 44 

NOD1 may be an interesting target to treat intestinal pathologies.[8] The role of NOD1 was 45 

also evidenced in myocardial diseases. Indeed, NOD1 is expressed in cardiac myocytes and 46 

fibroblasts and not only in immune cells.[9] When stimulated, NOD1 activates apoptotic 47 

pathways in murine cardiomyocytes and pro-fibrotic mediators in cardiac fibroblasts. 48 

Moreover, cardiac dysfunctions were observed after NOD1 activation by the synthetic ligand 49 

C12-ieDAP. Targeting NOD1 appears to be an interesting solution for inflammatory-induced 50 

cardiac diseases like heart failure. The implication of NOD1 in the insulin resistance was also 51 

reported.[10,11] Nod1 gene expression has been identified to be upregulated in conditions of 52 

metabolic dysregulation and NOD1-dependent insulin resistance has been evidenced.[12,13] It 53 

has also been demonstrated that Nod1 KO mice are protected from developing high-fat diet-54 

induced insulin intolerance and lipid accumulation.[14,15] Regarding all these results, the 55 

development of NOD1 inhibitors would be of great interest to treat metabolic diseases. In 56 

conclusion, the implication of NOD1 signal in chronic inflammatory conditions reveals the 57 

inhibition of NOD1 as an attractive approach to reduce excessive inflammation.  58 

 59 

Until now, only few NOD1 inhibitors have been described and only 4 chemical series have 60 

shown a selective and specific inhibition of NOD1 compared to NOD2 at the micromolar range 61 

(Figure 1).[16,17] Moreover, the mode of action of these molecules remains unclear and 62 

therapeutic potential of NOD1 inhibition is largely unexplored. Nevertheless, it has been 63 

demonstrated that ML130 (Noditinib-1) binds to the ligand binding domain of NOD1 and alters 64 

its conformation and subcellular localization.[18] Recently, the research results of Russo et al. 65 

are in disagreement with this first statement. They have evidenced that ML130 bind directly to 66 

the NOD1 Nucleotide-Binding Domain (NBD).[19] The NBD, which is common to all NLR, 67 

mediates oligomerization of NOD1 after ATP binding. SB711, with its purine-like structure, 68 

supposedly binds to the nucleotide-binding domain of NOD1.[20] There are several 69 

possibilities to block NOD signaling pathway. Jakopin mentioned 5 rational targeting of the 70 

NOD signaling pathway: 1. Targeting the ligand binding; 2. Targeting the ATP-binding site; 3. 71 
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Targeting the NOD self-oligomerization; 4. Targeting the RIPK2 recruitment or RIPK2 kinase 72 

activity and 5. Targeting the regulatory network of signal transduction.[20] Recently, the most 73 

described strategy to inhibit NOD signals consists in the development of specific NOD 74 

signaling pathway inhibitors, especially RIPK2 inhibitors.  75 

 

 

Figure 1. Chemical structure and half-maximal inhibitory concentration (IC50) on NOD1 of selective NOD1 

inhibitors from the literature  

 

Identified from known kinase inhibitors, the first RIPK2 inhibitors lacked selectivity. Indeed, 76 

their activity on RIPK2 was actually an off-target effect of the molecules. Among these non-77 

selective inhibitors, mention may be made of Gefitinib,[21] a well-known Epidermal Growth 78 

Factor Receptor (EGFR) inhibitor, or Ponatinib,[22] a Breakpoint Cluster Region-Abelson 79 

(BCR-ABL) inhibitor. More recently, more selective inhibitors of RIPK2 have been identified 80 

by Oncodesign Precision Medicine (OD), GlaxoSmithKline (GSK), Novartis or academic 81 

research groups (Figure 2) such as OD38,[21] WEHI-345,[23] compound 1,[24] GSK583,[25] 82 

compound 2,[26] compound 3,[27] CLSP37,[28]  UH15-15,[29] or BI 706039 (structure 83 

unknown).[30] The molecules delay the activation of the NF-kB pathway induced by NOD. 84 

End of 2019, the biopharmaceutical group Oncodesign has identified a new drug candidate first-85 

in-class, ODS 101 (structure unknown), a selective RIPK2 inhibitor with a strong potential in 86 

the treatment of auto-immune and inflammatory diseases and more precisely Inflammatory 87 

Bowel Diseases (IBD). Toxicologic preclinical assays have been successfully achieved 88 

demonstrating the therapeutic potential of RIPK2 inhibitors.[31] Based on these recent 89 

discoveries, we decided to develop NOD1-RIPK2 inhibitors for the treatment of inflammatory 90 

diseases. 91 
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Figure 2. Chemical structure of RIPK2 inhibitors from the literature 

 

To identify inhibitors of NOD1 signaling, a screening of our chemical library was carried out 92 

on Human Embryonic Kidney (HEK)-Blue™-hNOD1 cells, stably expressing human NOD1 93 

and a NF-kB driven SEAP reporter gene. Our screening resulted in the identification of one hit 94 

with a half-maximal Inhibitory Concentration (IC50) of 106 ± 28.64 nM (Figure 3, compound 95 

4). Compound 4 was initially designed in a previous research program to target EGFR/VEGFR. 96 

Given its origin, compound 4 was evaluated on RIPK2 and showed a capacity to inhibit RIPK2 97 

with an IC50 value of 1.21 ± 0.57 nM. Starting from this molecule, we investigated the synthesis 98 

and Structure-Activity Relationship (SAR) of a series of quinazoline derivatives. Thirty new 99 

quinazolines were synthesized and tested for their capacity to inhibit the NOD1 pathway.  100 

Selectivity towards NOD1 vs NOD2 and specificity compared to the Tumour Necrosis Factor-101 

alpha (TNFα) pathway was evaluated. Identified selective NOD1 inhibitors were tested for their 102 

capacity to inhibit RIPK2. Selectivity of our NOD1-RIPK2 inhibitors over EGFR and VEGFR 103 

was also determined. Finally, the anti-inflammatory activity of our best compound was 104 

evaluated through their capacity to decrease pro-inflammatory cytokine IL-8 secretion in HEK-105 

Blue™-hNOD1. 106 
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Figure 3. Chemical structure of our hit compound identified by screening on HEK-Blue™-hNOD1 cells. 

 

3. RESULTS AND DISCUSSION 

a. Chemistry.  

Four series of compounds, differentiated by the ether substituent (methoxy, methoxyethoxy or 107 

diethylaminoethoxy) at the C-6, C-7 and C-8 positions of the quinazoline core (R1, R2 and R3), 108 

and the aniline at the C-4 position (R4), were synthesized (Figure 4). 109 

 

 

Figure 4. General chemical structure of our four series of quinazolines. 

 

The synthesis of the A series is illustrated in Scheme 1. Commercially available 4-110 

chloroquinazoline derivatives 1-3 were engaged in a nucleophilic substitution reaction in the 111 

presence of various commercial anilines in 2-propanol at reflux (method a) or in DMF in the 112 

presence of sodium hydride (60%) at 50°C (method b) to obtain the final products 4-31.  113 

 

 

Scheme 1. Synthesis of compounds 4-31 (A series) 

Reagents and conditions: (a) aniline R4-NH2, isopropyl alcohol, reflux; (b) aniline R4-NH2, NaH, DMF, 50 °C. 

 

Compounds 37 (B series) and 43 (C series) were synthesized in 6 steps (Scheme 2).  First, the 114 

phenol function of methyl vanillate and methyl 3-hydroxy-4-methoxybenzoate was alkylated 115 

with 2-diethylaminoethyl chloride hydrochloride in presence of potassium carbonate in acetone 116 
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at reflux for 3h to obtain the intermediate compounds 32 and 38, respectively (76% and 77% 117 

yield, respectively). These intermediates were nitrated in the presence of a mixture of nitric acid 118 

and tin tetrachloride in dichloromethane at -70°C for 4h.[32] Nitration occurs selectively at the 119 

2-position due to electronic effects of the different substituents on the benzene ring. The 120 

position of the nitro group was confirmed by 1H NMR. The nitro derivatives 33 and 39 were 121 

obtained with good yield (88-91%). Catalytic hydrogenation of the nitro group in the presence 122 

of Raney®-nickel in methanol led to amino derivatives 34 and 40 (66-77% yields), which were 123 

converted by cyclization with formamide in the presence of ammonium formate at 140°C for 124 

16h to obtain the cyclized compounds 35 and 41 with good yields (68-71%). Finally, cyclized 125 

compounds were reacted with phosphorus oxychloride at 120°C for 2h to obtain the 126 

intermediate 4-chloroquinazolines 36 and 42 (95% and 92% yield, respectively). Finally, the 127 

desired quinazolines 37 (B series) and 43 (C series) were obtained as described previously for 128 

the A series. 129 

 

Scheme 2. Synthesis of compounds 37 (B series) and 43 (C series) 

Reagents and conditions: (i) ClCH2CH2N(CH2CH3)2.HCl, K2CO3, acetone, reflux, 3h; (ii) SnCl4, HNO3, CH2Cl, -

25°C,4h; (iii) Raney Ni, H2, MeOH, rt, 16h; (iv) HCOONH4, HCONH2, 140°C, 16h; (v) POCl3, 120°C, 2h; (a) 

aniline R4-NH2, isopropyl alcohol, reflux; (b) aniline R4-NH2, NaH, DMF, 50 °C. 

 

As depicted in Scheme 3, compound 47 was prepared starting from the commercial methyl 2-130 

amino-4-hydroxybenzoate in four steps. The intermediate compounds 44, 45 and 46 were 131 
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obtained using the same procedure as described for the B and C series. Compound 47 was 132 

obtained using method b with 16% yield. 133 

 

 

Scheme 3. Synthesis of compound 47 (D series)  

Reagents and conditions: (i) ClCH2CH2N(CH2CH3)2.HCl, K2CO3, acetone, reflux, 3h; (iv) HCOONH4, HCONH2, 

140°C, 16h; (v) POCl3, 120°C, 2h; (b) aniline R4-NH2, NaH, DMF, 50 °C. 

b. Structure-activity relationships. 

We chose to first screen the new synthesized molecules on HEK-Blue™-hNOD1 cells since 134 

our main objective is to discover NOD1 inflammatory pathway inhibitors. A screening on 135 

RIPK2 directly seemed less judicious to us given that several highly potent RIPK2 inhibitors 136 

blocked only slightly NOD pathway,[28] thereby reducing their potential for the treatment of 137 

inflammatory diseases. We started our pharmacomodulations from the hit compound 4 138 

identified during the initial screening procedure. This quinazoline, with an IC50 value of 106 ± 139 

28.64 nM, is a potent NOD1 inhibitor. From this compound, we modulated the aniline (R4) at 140 

position 4 of the quinazoline core to establish SAR (Tables 1 and 2).  141 

 142 

First, we decided to evaluate the importance of each substituent of the 2,4-dichloro-5-143 

methoxyaniline of the starting hit compound (Table 1). When one or more of these substituents 144 

are removed, the capacity of the molecule to inhibit the NOD1 pathway is reduced or even 145 

completely lost (compounds 5-9). We also studied the position of the chlorine atoms. Their 146 

position influences the inhibitory activity of the molecule on NOD1. Compound 5 bearing 2 147 

chlorine atoms at positions 2 and 4 of the aniline lost its capacity to inhibit the NOD1 pathway. 148 

However, when these 2 chlorine atoms are at positions 4 and 5 (compound 10), a modest activity 149 

is observed (IC50 = 355 ± 48 nM). In the same way, compound 8 with a chlorine atom at position 150 
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4 of the aniline has a modest activity on NOD1 (IC50 = 283 ± 3 nM) whereas compound 11 with 151 

a chlorine atom at position 5 of the aniline completely lost its activity.  152 

 153 

Table 1: Synthesized 4-anilino-6,7-dimethoxyquinazolines, their capacity to inhibit the NOD1 pathway in HEK-

Blue™-hNOD1 cells (IC50 (NOD1)), the NOD2 pathway in HEK-Blue™-hNOD2 (IC50 (NOD2)) and their 

specificity toward the TNF pathway in HEK-Blue™-hNOD1 cells (IC50 (TNF)). 

 

 

Data are mean ± SEM of three experiments performed in duplicates.  

 

The nature of the halogens also influences the capacity of the molecule to inhibit NOD1 154 

pathway (Table 1). The replacement of the chlorine atom at position 4 of the aniline of 155 

compound 10 by a fluorine atom induces a loss of activity (compound 13). On the other hand, 156 

if the 2 chlorine atoms at positions 2 and 4 of the aniline of compound 5 are replaced by a 157 

Compounds R R’ R’’ IC50 (NOD1)  

nM 

IC50 (NOD2)  

nM 
IC50 (TNF)  

nM 

4 Cl Cl OCH3 106 ± 28.64 >10 000 >10 000 

5 Cl Cl H >10 000 >10 000 >10 000 

6 H Cl OCH3 >10 000 >10 000 >10 000 

7 Cl H OCH3 686 ± 58 >10 000 >10 000 

8 H Cl H 283 ± 3 >10 000 >10 000 

9 Cl H H >10 000 >10 000 >10 000 

10 H Cl Cl 363 ± 37 >10 000 >10 000 

11 H H Cl >10 000 >10 000 >10 000 

12 Br H Br >10 000 >10 000 >10 000 

13 H F Cl 1344 ± 764 >10 000 >10 000 

14 F Br H 549 ±139 >10 000 >10 000 

15 F Br OCH3 220 ± 54 >10 000 >10 000 

16 Cl Cl OH >10 000 >10 000 >10 000 

17 H Cl OH 33 ± 4.4 >10 000 >10 000 

18 H H OH 157 ± 2.83 >10 000 >10 000 

19 H Br  OH >10 000 >10 000 >10 000 

20 H F OH 81 ± 38 >10 000 >10 000 

21 H Cl NH2 36.69 ± 4.20 >10 000 >10 000 

22 H H NH2 >10 000 >10 000 >10 000 

23 H H H >10 000 >10 000 >10 000 

ML130    1830 ± 355  >10 000 >10 000 
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fluorine atom and a bromine atom, respectively (compound 14), a slight gain of activity was 158 

observed. Thus, we substituted the chlorine atoms of compound 4 by fluorine and bromine 159 

atoms at positions 2 and 4, respectively (compound 15) but we did not observe the expected 160 

gain of activity on NOD1 (IC50 = 220 ± 54 nM).  161 

The replacement of the methoxy group of compound 4 by a hydroxyl group induces a total loss 162 

of activity (Table 1, compound 16). Surprisingly, if the chlorine atom at position 2 of compound 163 

16 is removed (compound 17), the molecule shows a better activity than compound 4 (IC50 = 164 

33 ± 4.4 nM). The removal of the second chlorine atom helps to maintain good activity on 165 

NOD1 (compound 18, IC50 = 157 nM), however not as good as compound 16 with one chlorine 166 

atom left. Once again, the nature of the halogen influences the activity of the molecule on 167 

NOD1. A replacement of the chlorine atom of compound 17 by a bromide atom (compound 19) 168 

induces a total loss of activity while its replacement by a fluorine atom affords compound 20 to 169 

retain a good activity on NOD1 slightly lower to the one of compound 17 (IC50 = 81 ± 38 nM). 170 

The substitution of the hydroxyl function of compound 17 by an amine function allows 171 

compound 21 to maintain a good capacity to inhibit the NOD1 pathway (IC50 = 36.69 ± 4.20 172 

nM) when the chlorine atom is conserved at position 4 (Table 1). However, when the molecule 173 

only bears an amine function at position 5, the capacity of compound 22 to inhibit NOD1 drops 174 

sharply.  175 

All identified NOD1 inhibitors were tested on HEK-Blue™ cells expressing human NOD2 176 

(HEK-Blue™-hNOD2) and stimulated with the NOD2 agonist muramyl dipeptide (MDP). Our 177 

compounds did not alter NOD2 signaling and showed markedly selectivity for NOD1 vs NOD2. 178 

Specificity of identified NOD1 inhibitors was also evaluated on HEK-Blue™-hNOD1 cells 179 

stimulated by TNF. None of the compounds interfered with TNF signaling and they all 180 

showed good specificity for the NOD1 pathway vs the TNF pathway.  181 

The activity of our compounds on NOD1 was compared with that of ML130, a well-known 182 

selective NOD1 inhibitor from the literature. We demonstrated that our NOD1 inhibitors are 183 

more active than ML130. Especially, our best compound 17 is 55 times more active than 184 

ML130 on the NOD1 pathway. Herein, we described the first selective NOD1 inhibitors active 185 

at the nanomolar range. 186 
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Table 2: Synthesized 4-aryl-6,7-dimethoxyquinazolines, their capacity to inhibit the NOD1 pathway in HEK-

Blue™-hNOD1 cells (IC50 (NOD1)), the NOD2 pathway in HEK-Blue™-hNOD2 (IC50 (NOD2)) and their 

specificity toward the TNF pathway in HEK-Blue™-hNOD1 cells (IC50 (TNF)). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data are mean ± SEM of three experiments performed in duplicates.  

 

Different aromatic amines were also introduced at position 4 of the quinazoline (Table 2). These 187 

aromatic amines were chosen from the chemical structures of RIPK2 inhibitors described in the 188 

literature [25,26,33]. Replacing an aniline with a benzothiazole affords compound 27 with a 189 

good capacity to inhibit NOD1 pathway (IC50 = 41.71 ± 8.38 nM). This molecule maintains 190 

proper selectivity for NOD1 vs NOD2. When the aniline is substituted with a 5-fluoro-1H-191 

indazol-3-amine (compound 28), moderate activity on NOD1 is retained (IC50 = 228 ± 10 nM). 192 

Moreover, this molecule is less selective (SI = 7.5). All other attempts to substitute the aniline 193 

group by another aromatic group failed. 194 

 

 

 

 

 

Compounds R4 
IC50 (NOD1)  

nM 

IC50 (NOD2)  

nM 
IC50 (TNF)  

nM 

4 
 

106 ± 28.64 >10 000 >10 000 

24 
 

>10 000 >10 000 >10 000 

25 
 

>10 000 >10 000 >10 000 

26 
 

>10 000 >10 000 >10 000 

27 
 

41.71 ± 8.38 >10 000 >10 000 

28 

 

228 ± 10 >1 000 >10 000 

29 

 

>10 000 >10 000 >10 000 

ML130  1830 ± 355  >10 000 >10 000 
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Table 3: Synthesized 4-(2,4-dichloro-5-methoxyanilino)-6,7-alkoxyquinazolines, their capacity to inhibit the 

NOD1 pathway in HEK-Blue™-hNOD1 cells (IC50 (NOD1)), the NOD2 pathway in HEK-Blue™-hNOD2 (IC50 

(NOD2)) and their specificity toward the TNF pathway in HEK-Blue™-hNOD1 cells (IC50 (TNF)). 

 

 

Data are mean ± SEM of three experiments performed in duplicates.  

 

Then, we decided to modulate the substitution of the quinazoline core: R1, R2 and R3 (Table 3). 195 

First, replacing both methoxy groups of compound 4 by methoxyethoxy groups (compound 30) 196 

has no influence on the activity on NOD1: compound 30 maintains a capacity to inhibit NOD1 197 

pathway in the same range as the hit molecule. Each methoxy group of compound 4 was also 198 

replaced by a 2-diethylaminoethoxy chain either at position 6 (R1) or at position 7 (R2) 199 

(compounds 37 and 43). If the 2-diethylaminoethoxy chain is introduced at position 7 of the 200 

quinazoline (compound 37), a gain in activity on NOD1 of the molecule is observed (IC50 = 201 

41.57 ± 7.93 nM) with a slight decrease in selectivity. If this same chain is introduced at position 202 

6 (compound 43), the activity on NOD1 is slightly reduced (IC50 = 153 ± 17 nM) and good 203 

selectivity is maintained. On the other hand, if this chain is maintained at position 7 but the 204 

methoxy group at position 6 is removed, compound 47 lost all activity on NOD1. The 205 

introduction of a third methoxy group at position 8 (R3, compound 31) induces a total loss of 206 

activity on NOD1. 207 

 

 

 

 

Compounds R1 R2 R3 
IC50 (NOD1) 

nM 

IC50 (NOD2) 

nM 
IC50 (TNF) 

nM 

4   H 106 ± 28.64 >10 000 >10 000 

30   H 101 ± 35 >10 000 >10 000 

37  
 

H 41.57 ± 7.93 >1 000 >10 000 

43 
  H 153 ± 17 >10 000 >10 000 

47 H 
 

H >10 000 >10 000 >10 000 

31    >10 000 >10 000 >10 000 

ML130    1830 ± 355  >10 000 >10 000 
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4. RIPK2 inhibition. 

When activated, NOD1 recruits RIPK2, leading to the activation of NF-kB and MAPK 208 

pathways [34]. Thus, we wanted to check if our molecules inhibit the NOD1 pathway through 209 

the inhibition of RIPK2. For this purpose, our best NOD1 inhibitors in HEK-Blue™-hNOD1 210 

(IC50 (NOD1) < 100 nM) were evaluated on an ADP-Glo™ RIPK2 assay, a luminescent kinase 211 

assay measuring ADP formed when the kinase is activated. The formed ADP is then converted 212 

into ATP, which is also converted into light by Ultra-Glo™ luciferase. The luminescence 213 

correlates with the quantity of ADP produced and therefore with RIPK2 activity. 214 

All our NOD1 signaling inhibitors showed an excellent capacity to inhibit RIPK2 kinase 215 

activity with IC50 at the low nanomolar range (0.65-2.07 nM), suggesting their capacity to 216 

inhibit NOD1 pathway is mediated by RIPK2 (Table 5). Our molecules showed a better 217 

inhibition capacity than gefitinib, a RIPK2 inhibitor from the literature with a quinazoline 218 

structure as well (compound 17, our best RIPK2 inhibitor, is about 8 times more active).  219 

Table 5: Capacity of our best NOD1 inhibitors (IC50 (NOD1) < 100 nM) to inhibit RIPK2. 

 

Data are mean ± SEM of three experiments performed in duplicates. 

Gefitinib is a non-selective RIPK2 inhibitor and is well known as an EGFR inhibitor. Thus, we 220 

decided to evaluate our best NOD1-RIPK2 inhibitors on an ADP-Glo™ EGFR assay. Our 221 

compounds showed different results on EGFR depending on their structure. Compounds 17, 20 222 

and 21 demonstrated no selectivity for RIPK2 vs EGFR. When the aniline group at position 4 223 

of the quinazoline core of these molecules is replaced by a benzothiazole substituent (compound 224 

27), the molecule becomes slightly selective for RIPK2 vs EGFR. When a 2,4-dichloro-5-225 

methoxyaniline is introduced at the same position (compound 4), the molecule displays higher 226 

 IC50 (nM) SI 

Compounds NOD1 NOD2 RIPK2 EGFR VEGFR 
EGFR/

RIPK2 

VEGFR

/RIPK2 

4 106 ± 28.64 >10 000 1.21 ± 0.57 61.27 ± 3.82 >1 000 50.6 >1 000 

17 33 ± 4.4 >10 000 0.65 ± 0.15 0.84 ± 0.49 1.39 ± 0.79 1.3 2.1 

20 81 ± 38 >10 000 1.72 ± 0.41 2.55 ± 1.12 3.02 ± 0.98 1.5 1.7 

21 36.69 ± 4.20 >10 000 1.44 ± 0.27 0.46 ± 0.23 4.09 ± 1.47 0.3 2.8 

27 41.71 ± 8.38 >10 000 2.07 ± 0.93 35.69 ± 5.53 6.69 ± 2.13 17.2 3.3 

37 41.57 ± 7.93 >1 000 1.52 ± 0.91 >1 000 >1 000 >1 000 >1 000 

Gefitinib 605 ± 60 1080 ± 199 5.58 ± 1.14 0.72 ± 0.48 >1 000 0.1 >1 000 

ML130 1830 ± 355  >10 000 >1 000 - - - - 
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selectivity towards RIPK2 vs EGFR (SI = 50.6). When the methoxy group at position 7 is 227 

replaced by a 2-diethylaminoethoxy chain maintaining the 2,4-dichloro-5-methoxyaniline at 228 

position 4 (compound 37), the selectivity is drastically increased (SI > 1000 nM), suggesting 229 

that the long chain has an impact on the selectivity of the molecule on RIPK2 vs EGFR. 230 

Since there is a close connection between EGFR and VEGFR pathways [35], we also tested our 231 

compounds on an ADP-Glo™ VEGFR assay. Even though they were the only ones, compounds 232 

4 and 37 showed excellent selectivity towards RIPK2 vs VEGFR (SI>1000). According to these 233 

results, we can suggest that the 2,4-dichloro-5-methoxyaniline at position 4 has an impact on 234 

the selectivity on RIPK2 vs VEGFR. 235 

Out of curiosity, we evaluated gefitinib on HEK-Blue™-hNOD1 and HEK-Blue™-hNOD2 236 

cells (Table 5). Despite its good capacity to inhibit RIPK2 at the nanomolar range, gefitinib 237 

showed only a weak activity on NOD1 pathway. This confirms that potent RIPK2 inhibitors do 238 

not always have a potential as potent NOD inflammatory pathway inhibitors. Our RIPK2 239 

inhibitors have a better capacity to inhibit the NOD1 pathway than gefitinib. Moreover, they 240 

are selective for NOD1 vs NOD2 unlike gefitinib, which does not show any selectivity (SI 241 

(NOD2/NOD1) = 1.8). The NOD1 inhibitor ML130 was also evaluated on the ADP-Glo™ 242 

RIPK2 assay and showed no capacity to inhibit this kinase. This result is in accordance with 243 

the literature: inhibition of NOD1 pathway by ML130 is not mediated by RIPK2.[19] 244 

5. Pro-inflammatory cytokine IL-8 secretion decrease. 245 

With the aim to identify new anti-inflammatory compounds, we evaluated the capacity of our 246 

best molecules to decrease the level of pro-inflammatory cytokine IL-8 in HEK-Blue™-247 

hNOD1 cells after stimulation with C12-iE-DAP. Compound 37 was tested at increased 248 

concentrations from 0.01 to 1 µM (Graph 1). Our molecule decreased significantly the secretion 249 

of IL-8 even at low concentration compared to non-treated cells (from about 1000 pg/mL to 250 

750 pg/mL at 0.01 µM and 400 pg/mL at 0.5 and 1 µM). On the other hand, ML130, a NOD1 251 

inhibitor from the literature with no capacity to inhibit RIPK2, does not decrease the secretion 252 

of IL-8. These results are very encouraging. They demonstrate the anti-inflammatory potential 253 

of our quinazolines and suggest the necessity to target RIPK2 to obtain an anti-inflammatory 254 

effect. 255 
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Graph 1: Capacity of our NOD1-RIPK2 inhibitor 37 to decrease the level of pro-inflammatory cytokine IL-8 

secretion in HEK-BlueTM-hNOD1 cells in comparison with ML130, a NOD1 inhibitor from the literature. HEK-

BlueTM-hNOD1 cells were stimulated by C12-iE-DAP at a concentration of 1000 ng/mL. ML130 was evaluated 

at increased concentrations from 0.01 to 1 µM and compound 37 from 0.001 to 1 µM. Data are mean ± SEM of 

three experiments performed in duplicates. Results were compared to C12-iE-DAP + DMSO and analysed by t 

test using Graphpad Prism software. P < 0.05 was considered significant. ns, non-significant.  

 

  
 

 

6. Cytotoxicity. 

Cytotoxicity of our best compounds was evaluated using CellTiter 96® AQueous One Solution 256 

Cell Proliferation Assay, based on cell bioreduction of 3-(4,5-dimethylthiazol-2-yl)-5-(3-257 

carboxymethoxy-phenyl)-2-(4-sulfophenyl-2H-tetrazolium) (MTS) to a formazan derivative. 258 

The cytotoxicity was evaluated at a concentration of 1 µM of inhibitor on HEK-Blue™-259 

hNOD1, Huh7 and THP1-Blue™ NF-kB cells (Graph1, Supporting informations). All the 260 

tested compounds showed no cytotoxicity on these cell lines. 261 

7. Structure determination of phosphorylated RIPK2 bound to compound 37. 

In the aim to observe how our compounds interact with RIPK2, a crystal structure of RIPK2 262 

bound to compound 37 was determined. To achieve this, the wild-type RIPK2 construct 263 

(residues 1-317) was used. RIPK2 becomes auto-phosphorylated when expressed in insect cells 264 

and thus corresponds to the activated form. Here, we present the structure of RIPK2 bound to 265 

compound 37. 266 
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Figure 4. Structure of the RIPK2-compound 37 complex. (a) Ribbon representation of chain A with the kinases 

lobes colored in dark (N-lobe) and light grey (C-lobe), the Gly-rich loop in yellow, the activation loop in green 

and the K209 loop also annotated. (b) 2Fo-Fc map showing density for compound 37 bound to chain B with 

nitrogen atoms involved in hydrogen bonding labelled. (c) The binding site of compound 37 (chain B) showing 

residues in van der Walls contact (for clarity only the top side of the cavity) and forming hydrogen bonds (green 

dotted lines) with the inhibitor. The red spheres are water molecules. (d) Schematic of the interactions of compound 

37 with RIPK2. 
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The RIPK2-compound 37 complex crystallized in space group P212121 and the crystals 267 

diffracted slightly anisotropically to a maximum of ~1.9 Å resolution. Here, we describe a 268 

structure of the RIPK2-compound 37 complex determined at a maximum of 1.94 Å resolution. 269 

Two molecules (denoted chains A and B) of the kinase domain of RIPK2 (residues 1-317) form 270 

an antiparallel dimer in the asymmetric unit of the crystal. The conformation of both chains 271 

corresponds to the kinase inactive state, as previously seen in the structure of RIPK2K47R 272 

(PDB:5NG3)(Pellegrini et al, 2017)(Figure 5a).[36] The C-Helix is in the out-conformation and 273 

the β-sheet interaction at the N-termini is absent. The activation loop is mainly disordered. 274 

Both chains show compound 37 bound in the kinase nucleotide-binding site in an identical 275 

fashion, although chain B is better ordered so is described here (Figure 5a-d). The extended 276 

compound 37 fits in a largely hydrophobic channel between the two lobes, bounded on the top 277 

by Leu24, Val32, Ala45, Lys47, Tyr97 and Leu167 and on the bottom by Leu79, Thr95, Met98, 278 

Gly101, Glu105, Leu153, Ala163 and Phe105 (Figure 5c,d). The compound makes one direct 279 

and four water mediated hydrogen bond to the protein (Figure 5c,d). The N2 nitrogen (for atom 280 

names see Figure 5b) forms a hydrogen bond with the amine group of Met98. The N1, O1 and 281 

O3 atoms co-ordinate a water molecule, which also forms a hydrogen bond with Glu105. The 282 

N4 nitrogen of the inhibitor indirectly engages Ser25 (a specific target residue for this particular 283 

kinase) via a water molecule. 284 

 

8. CONCLUSION 

Thirty new quinazolines have been synthesized, leading to the discovery of 15 NOD1-RIPK2 285 

signaling inhibitors in the nanomolar range selective vs NOD2 and specific vs TNF pathway. 286 

Pharmacomodulations were carried out and allowed to identify essential structural elements for 287 

NOD1 pathway inhibition. Compounds bearing a chlorine or a fluorine atom at position 4 and 288 

a hydrogen bond acceptor/donor like a hydroxyl group or an amine at position 3 on the aniline 289 

give the best NOD1 signaling inhibition. The replacement of the aniline by a benzothiazole is 290 

also favorable for a good inhibition. When methoxy or methoxyethoxy groups are present at 291 

positions 6 and 7 of the quinazoline, compounds demonstrated a good NOD1 pathway 292 

inhibition capacity. This inhibition was increased when a 2-diethylaminoethoxy chain was 293 

introduced at position 7 of the quinazoline. These molecules represent the first selective NOD1 294 

signaling inhibitors at the nanomolar range. Our compounds demonstrate selectivity towards 295 

NOD1 over NOD2. Several hypotheses could explain this phenomenon. According to the 296 
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crystal structure of compound 37 bound to RIPK2, our inhibitors occupy the active site of 297 

RIPK2 and bind its inactive state. We suppose that this interaction may lead to conformational 298 

changes that allow the kinase to interfere with NOD1 pathway, but not NOD2. Indeed, the 299 

cascade of event leading to NOD inflammatory pathway inhibition involves NOD1/NOD2 300 

oligomerization, RIPK2 recruitment and filament formation [37] as well as subsequent 301 

recruitment of E3 ligases, such as XIAP or LUBAC, to induce ubiquitination of RIPK2 and 302 

activation of downstream signaling pathways.[28,38,39] A compound-induced conformational 303 

change could very well interfere with this chain of event for one of the NLR and not the other. 304 

Regarding RIPK2 recruitment, it was shown that different CARD-CARD interactions were 305 

made between RIPK2 and NOD1/NOD2, that does not involve the same amino acids of 306 

RIPK2.[40,41] Mayle et al. showed that the NOD1-RIPK2 pathway is very complex: 307 

recruitment of RIPK2 is not sufficient for signaling activation, and the NOD1-RIPK2 308 

interaction is established by multiple CARD-CARD interfaces. NOD2 differs from NOD1 by 309 

the presence of 2 CARD domains. Fridh and Rittinger demonstrated that the tandem CARDs 310 

of NOD2 established an intramolecular interaction and form a binding surface to interfere with 311 

RIPK2, different than with a single CARD. Further investigations will be considered to unravel 312 

the mechanism of NOD1-RIPK2 selectivity of our compounds. 313 

Our 6 best NOD1 signaling inhibitors (IC50 (NOD1) < 100 nM) were able to inhibit RIPK2, a 314 

Ser/Thr kinase recruited by NOD1 after its activation, at the low nanomolar range. Moreover, 315 

compounds 4 and 37 showed a selectivity for RIPK2 vs EGFR and VEGFR unlike most 316 

quinazolines in the literature. Our results suggest that the 2,4-dichloro-5-methoxyaniline at 317 

position 4 is responsible for the selectivity of compound 4 vs VEGFR and the 2-318 

diethylaminoethoxy chain at position 7 of the quinazoline core for the additional selectivity of 319 

compound 37 vs EGFR. Compound 37 also decreased the level of pro-inflammatory cytokine 320 

IL-8 in HEK-Blue™-hNOD1 cells demonstrating its anti-inflammatory effect. This molecule 321 

is even more efficient than the described NOD1 inhibitor ML130. In addition, the capacity of 322 

our quinazolines to inhibit RIPK2 appears to be important for their anti-inflammatory activity. 323 

Thus, our molecules seem interesting to treat NOD1-related inflammatory diseases. The RIPK2 324 

selectivity vs EGFR and VEGFR is important to limit the off-target effects. However, our mixed 325 

kinase inhibitors would be interesting for the treatment of the colorectal cancer as EGFR and 326 

VEGFR inhibition is a well-known therapeutic approach [42,43]. RIPK2 has also been recently 327 

identified as a promising therapeutic target for several types cancers [44–46] and more 328 
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encouragingly, the use of RIPK2 inhibitors for the treatment of colorectal cancer was 329 

highlighted. [47].  330 

These first results are very promising but further pharmacomodulations are required to better 331 

understand the SAR and improve our compounds kinase selectivity.  332 

9. EXPERIMENTAL SECTION 

Cell culture (HEK-Blue™-hNOD1, HEK-Blue™-hNOD2, THP1-Blue™ NF-kB cells and 333 

Huh-7 cells). HEK-Blue™-hNOD1 and hNOD2 cells (Invivogen) were cultured in DMEM 334 

Glutamax medium (Life Technologies) with 10 % heat-deactivated FBS (Life Technologies), 335 

1% penicillin-streptomycin (Life Technologies). All subsequent passages were cultured in the 336 

medium supplemented with 100 µg/mL Normocin, 30 µg/mL Blasticidin and 100 µg/mL 337 

Zeocin (Invivogen). The experiments were carried out on passages 7-12. THP1-Blue™ NF-kB 338 

cells (Invivogen) were cultured in RPMI 1640 Glutamax medium (Life Technologies) with 25 339 

mM HEPES, 10 % heat-deactivated FBS (Life Technologies), 1% penicillin-streptomycin (Life 340 

Technologies). All subsequent passages were cultured in the medium supplemented with 100 341 

µg/mL Normocin, 10 µg/mL Blasticidin (Invivogen). Huh-7 cells (ATCC) were cultured in 342 

DMEM Glutamax medium (Life Technologies) with 10 % heat-deactivated FBS (Life 343 

Technologies), 1% penicillin-streptomycin (Life Technologies). 344 

Cell Proliferation Assay. In the cell proliferation assay, HEK-BlueTM-hNOD1 and Huh-7 cells 345 

(3000 cells/well) were seeded in triplicates on 96 well plates in 100 µL culture medium and 346 

incubated for 24 h. For THP1-Blue™ NF-kB cells, 30 000 cells/well were seeded in triplicates 347 

on 96 well plates in 100 µL culture medium. Cells were then treated with 1µM concentration 348 

of tested compounds, each dissolved in less than 0.1 % DMSO. After 72 h, cell growth was 349 

measured using the CellTiter 96® Aqueous One Solution Cell Proliferation Assay (Promega, 350 

Madison/WI, USA), in accordance with the manufacturer’s instructions. Results are expressed 351 

as percentage proliferation compared to control cells. 352 

Measurement of NF-kB transcriptional activity (HEK-Blue™ Detection). The tested 353 

compounds were dissolved in DMSO and further diluted in detection medium to a desired final 354 

concentration, so that the final concentration of DMSO did not exceed 0.1%. For screening for 355 

potential NOD1 inhibitors, HEK-Blue™-hNOD1 cells (5x10^5 cells/mL) were assayed in 356 

triplicate for NF-kB transcriptional activity after treatment with 10 µM compounds for 30 min, 357 
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followed by the addition of 100 ng/mL C12-iE-DAP and subsequent incubation for 18 h. For 358 

the selectivity, compounds were assayed under the same conditions with HEK-Blue™-hNOD2 359 

cells (5x10^5 cells/mL) and 100 ng/mL MDP. For the specificity, compounds were assayed 360 

under the same conditions with HEK-Blue™-hNOD1 cells but C12-iE-DAP is replaced by 361 

TNFα (2.5 ng/mL). SEAP activity was determined spectrophotometrically as absorbance at 620 362 

nm on a Clariostar Plus microplate reader (BMG Labtech). The percent inhibition at a specified 363 

concentration is determined or IC50 values are calculated based on a dose range of inhibitor 364 

concentrations using nonlinear regression in GraphPad Prism software. For THP1-Blue™ NF-365 

kB cells, 1x10^6 cells were assayed in triplicate for NF-kB transcriptional activity after 366 

treatment with 10 µM compounds for 30 min, followed by the addition of 100 ng/mL C12-iE-367 

DAP and subsequent incubation for 18 h. After induction, 2µL of QUANTI-Blue™ solution 368 

(InvivoGen) per well are dispensed and incubated at 37°C for 5-6 h, followed by absorbance 369 

measurement at 620 nm. IC50 values were calculated as described for HEK-Blue™ assay. 370 

ADP-GloTM In Vitro Kinase Assay. Recombinant RIPK2 protein (10 ng per reaction), KDR 371 

(1.5 ng per reaction) or EGFR (4 ng per reaction) was diluted in the reaction buffer consisting 372 

of 40 mM Tris (pH 7.5); 20mM MgCl2; 0.1 mg/mL BSA; 50 µM DTT and 2mM MnCl2 for 373 

EGFR. Diluted protein is added to low volume white 384 well plates (2 µL/well). Inhibitors are 374 

diluted in reaction buffer (final 25% DMSO), 1 µL is added to each well and incubated 10 min 375 

at room temperature. Reactions are initiated by the addition of 50 µM ATP and 1 µg/µL MBP 376 

protein for RIPK2, 0.2 µg/µL PGT for KDR or 5 µM ATP and 0.2 µg/µL PGT for EGFR in the 377 

reaction buffer. Plates are sealed with plastic coverslips and incubated at room temperature for 378 

1 h. Reactions are stopped by the addition of 5 µL of ADP-Glo™ reagent (Promega) and ADP 379 

generation reaction is performed for 40 min at room temperature. Luminescence signal is 380 

generated by the addition of 10 µL of Kinase detection reagent (Promega) for 30 min at room 381 

temperature. Luminescence signals are determined using Clariostar Plus (BMG Labtech). The 382 

percent inhibition at a specified concentration is determined or IC50 values are calculated based 383 

on a dose range of inhibitor concentrations using nonlinear regression in GraphPad Prism 384 

software. 385 

C12-iE-DAP-Stimulated IL-8 HTRF Assay. Tested compounds were prepared in DMSO and 386 

further diluted in culture medium to a desired final concentration and 5 µL was dispensed to 387 

individual wells of a 24 well plate. HEK-Blue™-hNOD1 cells (Invivogen) were prepared at 388 

1×10^6 cells/mL in culture medium. Cell solution was dispensed at a volume of 500 μL/well in 389 
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24 well plate. Plate were incubated 1h. C12-iE-DAP (Invivogen) was prepared to 1 mg/mL 390 

stock solution in endotoxin free water. Stock C12-iE-DAP was further diluted in culture 391 

medium to 1x10^5 ng/mL and 5 μL was added to each well. Cell plates were placed in a 37 °C, 392 

5% CO2 incubator for 22 h. Following incubation, cell free supernatants obtained by 393 

centrifugation at 3000 rpm for 5 min and stored at -80 °C until measurement. IL-8 production 394 

was assessed by HTRF human IL-8 kit (Cisbio) according to the manufacturer’s instructions. 395 

Fluorescence was read on a Clariostar Plus (BMG Labtech). Test compounds inhibition was 396 

expressed as percent inhibition. 397 

Protein expression and purification. The cloning of the human RIPK2 construct encoding 398 

residues 1-317 is described in Lethier et al.[48] Protein was expressed in Sf21 insect cells and 399 

purified as described previously.[36] Briefly, cells were re-suspended in lysis buffer (20 mM 400 

Tris pH 7.5, 300 mM NaCl, 50 mM NDSB, 5% glycerol, 0.5 mM TCEP) containing a protease 401 

inhibitor cocktail (Complete, Roche) and lysed by sonication. After centrifugation at 48000×g 402 

for 30 min at 4°C, the supernatant solution was purified by amylose-affinity chromatography. 403 

After overnight cleavage with Tobacco Etch Virus (TEV) protease and dialysis against buffer 404 

A (20 mM Tris pH 7.5, 50 mM NaCl, 50 mM NDSB, 5% glycerol and 0.5 mM TCEP), the 405 

protein was further purified by anion exchange chromatography with a 0 to 1 M NaCl gradient. 406 

To remove TCEP and reduce the NaCl concentration to 150 mM, the sample was applied to a 407 

PD-10 column equilibrated in buffer B (20 mM Tris pH8, 150 mM NaCl, 25 mM NDSB, 2% 408 

glycerol). At the end of the purification, aliquots of protein at ~1 mg/ml concentration were 409 

flash-frozen in liquid nitrogen and stored at -80°C degrees.  410 

Sample preparation and crystallization. Compound 37, in powder form was solubilized in 411 

DMSO at 5 mM concentration. The RIPK2-compound 37 mixture was prepared as follows. 412 

One aliquot of protein at 1.14 mg/ml was thawed and mixed with 50 μM inhibitor and kept on 413 

ice for 10 minutes. The complex was than concentrated to 3.8 mg/ml. Crystallization conditions 414 

were established by trials with several commercial screens at the EMBL High Throughput 415 

Crystallization Laboratory (Grenoble, France) using a Cartesian robot. Crystals of RIPK2-416 

compound 37 were obtained using the sitting drop method in CrystalDirect plates[49] from 417 

solutions containing 3.8 mg/ml of protein-inhibitor complex equilibrated against 0.1 M citric 418 

acid and 0.8 M sodium formate at pH 5. Crystals were harvested automatically using the 419 

CrystalDirect harvester[49] and cryo-cooled in liquid nitrogen.   420 
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Data Collection and structure solution. Diffraction data were collected automatically on the 421 

ID30-A1 (MASSIF) beamline at the ESRF.[50] Data were processed with autoPROC.[51] The 422 

structure was solved by molecular replacement using PHASER[52] using a previous RIPK2 423 

structure as search model. The refinement restraints for the ligand were obtained using the 424 

AceDRG[53] from the CCP4i suite[54] using the compound SMILES. Refinement was carried 425 

out using REFMAC5[55] with manual rebuilding with COOT[56]. The model was validated 426 

using MolProbity[57] and structure figures were produced with Pymol  (The PyMOL Molecular 427 

Graphics System, Version 3.0 Schrödinger, LLC.) and LigPlot+ (Laskowski & Swindells, 428 

2011). Data collection and refinement statistics are given in Table 1 (Supporting informations).  429 

Chemistry. 4-Chloro-6,7-dimethoxyquinazoline 1, 4-chloro-6,7-bis(2-methoxyethoxy)-430 

quinazoline 2 and 4-chloro-6,7,8-trimethoxyquinazoline 3 were purchased from Alfa Aesar. All 431 

commercial reagents and solvents were used without further purification. All reactions were 432 

monitored by analytical thin-layer chromatography (TLC) on 0.2 mm, Polygram SIL G/UV254 433 

plates (Macherey-Nagel); compounds were visualized by UV (254 and 366 nm). Flash 434 

chromatography (FC) was performed with silica gel Kieselgel Si 60 0,015-0,040 mm 435 

(Macherey-Nagel). Melting points (Mp) were determined with a Büchi 535 capillary melting 436 

point apparatus and remain uncorrected. The structures of each compound were supported by 437 

IR (neat, FT- BrückerAlpha instrument). 1H and 13C NMR spectra were obtained using a 438 

Bruker® 300 MHz spectrometer, chemical shifts (δ) are expressed in ppm relative to 439 

tetramethylsilane (TMS) used as an internal, J values are in hertz, and the splitting patterns are 440 

designated as follows: s, singlet; d, doublet; t, triplet; q, quadruplet; quint, quintet; sex, 441 

sextuplet; m, multiplet. All compounds were analyzed by a UPLC system, an Acquity I-Class 442 

(Waters). Mass spectrometry was performed using a Xevo TQD (Waters Corporation) mass 443 

spectrometer. The detection of analytes was achieved by electrospray ionization (ESI) in the 444 

positive mode with the appropriate MRM transition. The LC-MS/MS instrument was controlled 445 

by MassLynx software (Waters). The purity of all compounds was determined by HPLC using 446 

a Chromazing column and a Waters 600 pump chromatograph equipped with a Waters 2487 447 

dual absorption wavelength UV detector (λ = 254 nm and 366 nm). Retention time was obtained 448 

with flow rates of 1 mL/min. The acquisition time is 20 min. The mobile phase consisted of 449 

0.8% formic acid in acetonitrile (80%) and water (20%). 450 
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General procedure for preparation of compounds 4-31 

Method a 451 

To a solution of 4-chloro-6,7-dimethoxyquinazoline 1 or 4-chloro-6,7-bis(2-methoxyethoxy)-452 

quinazoline 2 (0.45 mmol) in isopropyl alcohol (4 mL) was added the corresponding aniline 453 

(0.54 mmol, 1.2 equiv.). The mixture was refluxed for 4-16 h and cooled to room temperature. 454 

The formed precipitate was isolated by filtration and washed with diethyl ether. 455 

Method b 456 

To a solution of 4-chloro-6,7-dimethoxyquinazoline 1 or 4-chloro-6,7,8-trimethoxyquinazoline 457 

2 (0.45 mmol) in dry DMF (4 mL) were added the corresponding aniline (0.90 mmol, 2 equiv.) 458 

and 60% sodium hydride (1.35 mmol, 3 equiv.). The mixture was heated for 30 min at 50°C. 459 

Then, the mixture was cooled to room temperature and the solvent was removed under reduced 460 

pressure.  461 

N-(2,4-dichloro-5-methoxyphenyl)-6,7-dimethoxyquinazolin-4-amine (4)  462 

Compound 4 was synthesized using method b and purified on silica gel TLC glass plates eluting 463 

with CH2Cl2/MeOH (9/1) to give after crystallization from isopropyl alcohol, a beige solid. Mp 464 

= 224°C. Yield = 42%. IR (ʋ, cm–1): 1077 (C-Cl). 1H-NMR (DMSO, 300 MHz)  ppm: 3.87 (s, 465 

3H, OCH3), 3.94 (s, 6H, 2OCH3), 7.18 (s, 1H, ArH), 7.34 (s, 1H, ArH), 7.70 (s, 1H, ArH), 7.81 466 

(s, 1H, ArH), 8.31 (s, 1H, ArH), 9.61 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 159.8 467 

(C), 156.6 (C), 154.6 (C), 150.8 (C), 149.5 (CH), 136.8 (C), 134.8 (C), 130.4 (CH), 123.1 (C), 468 

121.5 (C), 114.2 (CH), 107.3 (C), 103.9 (CH), 100.6 (CH), 57.4 (CH3), 57.3 (CH3), 57.0 (CH3). 469 

LC-MS (ESI+) m/z 380 (M+H)+. 470 

N-(2,4-dichlorophenyl)-6,7-dimethoxyquinazolin-4-amine hydrochloride (5)  471 

Compound 5 was synthesized using method a and after crystallization from ethanol, was 472 

isolated as a white solid. Mp = 249°C. Yield = 17%. IR (ʋ, cm–1): 2622 (NH+), 1077 (C-Cl). 473 
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1H-NMR (DMSO, 300 MHz)  ppm: 4.01 (s, 6H, 2OCH3), 7.42 (s, 1H, ArH), 7.61 (s, 2H, ArH), 474 

7.87 (s, 1H, ArH), 8.34 (s, 1H, ArH), 8.80 (s, 1H, ArH), 11.74 (s, 1H, NH). 13C NMR (DMSO, 475 

75 MHz) δ ppm: 159.7 (C), 157.1 (C), 150.9 (C), 149.5 (CH), 136.4 (C), 134.0 (C), 133.3 (C), 476 

132.8 (C), 131.5 (CH), 129.9 (CH), 128.6 (CH), 107.4 (CH), 104.3 (CH), 100.3 (CH), 57.3 477 

(CH3), 57.0 (CH3). LC-MS (ESI+) m/z 350 (M+H)+. 478 

N-(4-chloro-3-methoxyphenyl)-6,7-dimethoxyquinazolin-4-amine hydrochloride (6)  479 

Compound 6 was synthesized using method a and after crystallization from methanol, was 480 

isolated as a beige solid. Mp > 250°C. Yield = 45%. IR (ʋ, cm–1): 2617 (NH+), 1062 (C-Cl). 481 

1H-NMR (DMSO, 300 MHz)  ppm: 3.88 (s, 3H, OCH3), 3.99 (s, 3H, OCH3), 4.04 (s, 3H, 482 

OCH3), 7.39 (s, 1H, ArH), 7.39-7.43 (dd, 1H, ArH, J = 2.2 Hz and J = 8.5 Hz), 7.49-7.52 (d, 483 

1H, ArH, J = 8.5 Hz), 7.64-7.65 (d, 1H, ArH, J = 2.2 Hz),  8.43 (s, 1H, ArH), 11.60 (s, 1H, 484 

ArH), 11.99 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 158.6 (C), 156.8 (C), 154.8 (C), 485 

150.7 (CH), 149.0 (CH), 137.6 (C), 136.1 (C), 130.0 (CH), 118.7 (C), 118.1 (C), 110.0 (CH), 486 

107.8 (C), 104.5 (CH), 100.2 (CH), 57.6 (CH3), 56.9 (CH3), 56.7 (CH3). LC-MS (ESI+) m/z 346 487 

(M+H)+. 488 

N-(2-chloro-5-methoxyphenyl)-6,7-dimethoxyquinazolin-4-amine hydrochloride (7) 489 

Compound 7 was synthesized using method a and after crystallization from ethanol, was 490 

isolated as a beige solid. Mp > 250°C. Yield = 39%. IR (ʋ, cm–1): 2575 (NH+), 1085 (C-Cl). 491 

1H-NMR (DMSO, 300 MHz)  ppm: 3.80 (s, 3H, OCH3), 4.02 (s, 6H, 2OCH3), 7.04-7.08 (d, 492 

1H, ArH, J = 7.8 Hz), 7.17 (s, 1H, ArH), 7.45 (s, 1H, ArH), 7.54-7.58 (d, 1H, ArH, J = 8.7 Hz), 493 

8.36 (s, 1H, ArH), 8.80 (s, 1H, ArH), 11.75 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 494 

159.7 (C), 159.1 (C), 157.0(C), 150.8 (CH), 149.2 (CH), 136.1 (C), 135.4 (C), 130.8 (CH), 495 

122.8 (C), 115.7 (C), 115.4 (C), 107.2 (CH), 104.4 (CH), 100.2 (CH), 57.4 (CH3), 57.0 (CH3), 496 

52.3 (CH3). LC-MS (ESI+) m/z 346 (M+H)+. 497 
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N-(4-chlorophenyl)-6,7-dimethoxyquinazolin-4-amine hydrochloride (8)  498 

Compound 8 was synthesized using method a and was isolated as a white solid. Mp > 250°C. 499 

Yield = 81%. IR (ʋ, cm–1): 2626 (NH+), 1228 (C-O-C), 1088 (C-Cl). 1H-NMR (DMSO, 300 500 

MHz)  ppm: 3.99 (s, 3H, OCH3), 4.02 (s, 3H, OCH3), 7.35 (s, 1H, ArH), 7.53-7.56 (d, 2H, 501 

ArH, J = 8.7 Hz), 7.75-7.78 (d, 2H, ArH, J = 8.7 Hz), 8.34 (s, 1H, ArH), 8.84 (s, 1H, ArH), 502 

11.45 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 158.6 (C), 156.8 (C), 150.7 (C), 149.2 503 

(CH), 136.5 (C), 136.3 (C), 131.6 (C), 129.1 (2CH), 126.8 (2CH), 107.9 (C), 104.5 (CH), 100.4 504 

(CH), 57.5 (CH3), 56.9 (CH3). LC-MS (ESI) m/z 316 (M+H)+. 505 

N-(2-chlorophenyl)-6,7-dimethoxyquinazolin-4-amine hydrochloride (9)  506 

Compound 9 was synthesized using method a and after crystallization from ethanol, was 507 

isolated as a yellow solid. Mp = 249°C. Yield = 20%. IR (ʋ, cm–1): 2515 (NH+), 1074 (C-Cl). 508 

1H-NMR (DMSO, 300 MHz)  ppm: 4.01 (s, 6H, 2OCH3), 7.42 (s, 1H, ArH), 7.49-7.59 (m, 509 

3H, ArH), 7.62-7.67 (dd, 1H, ArH, J = 1.9 Hz and J = 7.4 Hz), 8.33 (s, 1H, ArH), 8.78 (s, 1H, 510 

ArH), 11.67 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 159.8 (C), 157.0 (C), 150.8 (C), 511 

149.3 (CH), 136.1 (C), 134.7 (C), 131.5 (C), 130.5 (CH), 130.3 (CH), 129.8 (CH), 128.5 (CH), 512 

107.2 (C), 104.3 (CH), 100.3 (CH), 57.3 (CH3), 57.0 (CH3). LC-MS (ESI+) m/z 316 (M+H)+. 513 

N-(3,4-dichlorophenyl)-6,7-dimethoxyquinazolin-4-amine hydrochloride (10)  514 

Compound 10 was synthesized using method a and isolated as a beige solid. Mp > 250°C. Yield 515 

= 88%. IR (ʋ, cm–1): 2496 (NH+), 1071 (C-Cl). 1H-NMR (DMSO, 300 MHz)  ppm: 3.97 (s, 516 

3H, OCH3), 4.00 (s, 3H, OCH3), 7.26 (s, 1H, ArH), 7.66-7.69 (d, 1H, ArH, J = 9.1 Hz), 7.87-517 

7.91 (dd, 1H, ArH, J = 2.6 Hz and J = 8.7 Hz), 8.03 (s, 1H, ArH), 8.22-8.24 (d, 1H, ArH, J = 518 

2.0 Hz), 8.64 (s, 1H, ArH), 10.32 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 157.1 (C), 519 

155.7 (C), 151.7 (CH), 150.1 (C), 143.7 (C), 139.5 (C), 131.2 (C) 130.9 (CH), 126.0 (C), 124.4 520 
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(CH), 123.1 (CH), 108.6 (C), 105.2 (CH), 103.0 (CH), 57.1 (CH3), 56.6 (CH3). LC-MS (ESI+) 521 

m/z 350 (M+H)+. 522 

N-(3-chlorophenyl)-6,7-dimethoxyquinazolin-4-amine hydrochloride (11)  523 

Compound 11 was synthesized using method a and isolated as a white solid. Mp > 250°C. Yield 524 

= 85%. IR (ʋ, cm–1): 2466 (NH+), 1085 (C-Cl). 1H-NMR (DMSO, 300 MHz)  ppm: 4.01 (s, 525 

3H, OCH3), 4.03 (s, 3H, OCH3), 7.32-7.35 (m, 2H, ArH), 7.51-7,55 (m, 1H, ArH), 7.73-7.75 526 

(d, 1H, ArH, J = 7.8 Hz), 7.88-7.89 (m, 1H, ArH), 8.41 (s, 1H, ArH), 8.87 (s, 1H, ArH), 11.61 527 

(s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 158.6 (C), 157.0 (C), 150.8 (C), 149.4 (CH), 528 

139.1 (C), 136.7 (C), 133.3 (C), 130.8 (C), 129.3 (CH), 126.3 (CH), 124.7 (CH), 123.5 (CH), 529 

107.9 (C), 104.4 (CH), 100.5 (CH), 57.5 (CH3), 57.0 (CH3). LC-MS (ESI+) m/z 316 (M+H)+. 530 

N-(2,5-dibromophenyl)-6,7-dimethoxyquinazolin-4-amine hydrochloride (12)  531 

Compound 12 was synthesized using method a and after crystallization from ethanol, was 532 

isolated as a white solid. Mp > 250°C. Yield = 60%. IR (ʋ, cm–1): 2465 (NH+), 1059 (C-Br). 533 

1H-NMR (DMSO, 300 MHz)  ppm: 4.01 (s, 6H, 2OCH3), 7.39 (s, 1H, ArH), 7.58-7.61 (dd, 534 

1H, ArH, J = 2.4 Hz and J = 8.4 Hz), 7.78-7.81 (d, 1H, ArH, J = 8.7 Hz), 7.84-7.85 (s, 1H, 535 

ArH, J = 2.3 Hz), 8.29 (s, 1H, ArH), 8.82 (s, 1H, ArH), 11.69 (s, 1H, NH). 13C NMR (DMSO, 536 

75 MHz) δ ppm: 159.7 (C), 157.1 (C), 150.9 (C), 149.4 (CH), 138.0 (C), 136.4 (C), 135.2 (CH), 537 

133.0 (CH), 132.8 (CH), 121.7 (C), 121.1 (C), 107.3 (C), 104.1 (CH), 100.4 (CH), 57.3 (CH33), 538 

57.0 (CH3), 52.3 (CH3). LC-MS (ESI+) m/z 346 (M+H)+. 539 

N-(3-chloro-4-fluorophenyl)-6,7-dimethoxyquinazolin-4-amine hydrochloride (13)  540 

Compound 13 was synthesized using method a and was isolated as a white solid. Mp = 153°C. 541 

Yield = 56%. IR (ʋ, cm–1): 2467 (NH+), 1221 (C-F), 1075 (C-Cl). 1H-NMR (DMSO, 300 MHz) 542 

 ppm: 4.01 (s, 3H, OCH3), 4.03 (s, 3H, OCH3), 7.34 (s, 1H, ArH), 7.54-7.58 (m, 1H, ArH), 543 

7.73-7.78 (m, 1H, ArH), 8.02-8.06 (dd, 1H, ArH, J = 2.5 Hz and J = 7.1 Hz), 8.32 (s, 1H, ArH), 544 
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8.89 (s, 1H, ArH), 11.45 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 158.7 (C), 156.8 545 

(C), 150.7 (CH), 149.6 (C), 141.2 (C), 134.7 (C), 130.7 (C), 127.1 (CH), 125.6 (CH), 117.5 546 

(CH), 117.2 (CH), 107.8 (C), 104.2 (CH), 100.7 (C), 57.4 (CH3), 56.9 (CH3). LC-MS (ESI) 547 

m/z 334 (M+H)+. 548 

N-(4-bromo-6-fluorophenyl)-6,7-dimethoxyquinazoin-4-amine hydrochloride (14) 549 

Compound 14 was synthesized using method a and after crystallization from ethanol, was 550 

isolated as a white solid. Mp = 215°C. Yield = 46%. IR (ʋ, cm–1): 2716 (NH+), 1240 (C-F), 551 

1063 (C-Br). 1H-NMR (DMSO, 300 MHz)  ppm: 4.00 (s, 6H, 2OCH3), 7.39 (s, 1H, ArH), 552 

7.52-7.59 (m, 2H, ArH), 7.77-7.83 (d, 1H, ArH, J = 2.1 Hz), 8.31-8.37 (d, 1H, ArH, J = 8.3 553 

Hz), 8.82 (s, 1H, ArH), 12.50 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 159.0 (C), 157.1 554 

(C), 150.8 (C), 149.3 (CH), 136.3 (C), 130.7 (C), 128.4 (C), 124.7 (C), 120.8 (CH), 120.6 (CH), 555 

120.0 (CH), 107.5 (C), 104.4 (CH), 400.3 (CH), 57.5 (CH3), 57.4 (CH3), 57.0 (CH3). LC-MS 556 

(ESI+) m/z 378 (M+H)+. 557 

N-(4-bromo-2-fluoro-5-methoxyphenyl)-6,7-dimethoxyquinazolin-4-amine hydrochloride 558 

(15) 559 

Compound 15 was synthesized using method a and after crystallization from ethanol, was 560 

isolated as a grey solid. Mp > 250°C. Yield = 57%. IR (ʋ, cm–1): 2631 (NH+), 1226 (C-F), 1069 561 

(C-Br). 1H-NMR (DMSO, 300 MHz)  ppm: 3.86 (s, 3H, OCH3), 4.02 (s, 6H, 2OCH3), 7.34 (s, 562 

1H, ArH), 7.36-7.37 (d, 1H, ArH, J = 7.0 Hz), 7.84-7.85 (d, 1H, ArH, J = 9.5 Hz), 8.27 (s, 1H, 563 

ArH), 8.83 (s, 1H, ArH), 11.51 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 159.4 (C), 564 

157.1 (C), 152.8 (C), 152.6 (C), 150.8 (CH), 136.8 (C), 124.9 (C), 124.7 (CH), 121.1 (C), 120.7 565 

(C), 112.5 (CH), 107.6 (C), 104.1 (CH), 100.5 (CH), 57.5 (CH3), 57.3 (CH3), 57.0 (CH3). LC-566 

MS (ESI+) m/z 410 (M+H)+. 567 

2,4-dichloro-5-((6,7-dimethoxyquinazolin-4-yl)amino)phenol (16)  568 
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Compound 16 was synthesized using method a and was purified on silica gel TLC glass plates 569 

eluting with CH2Cl2/MeOH (9/1) to give a white solid. Mp > 250 °C. Yield = 17%. IR (ʋ, cm–570 

1): 3551 (OH), 1081 (C-Cl). 1H-NMR (DMSO, 300 MHz)  ppm: 3.94 (s, 6H, 2OCH3), 7.17 (s, 571 

1H, ArH), 7.20 (s, 1H, ArH), 7.60 (s, 1H, ArH), 7.81 (s, 1H, ArH), 8.35 (s, 1H, ArH), 9.46 (s, 572 

1H, NH), 10.61 (s, 1H, OH). 13C NMR (DMSO, 75 MHz) δ ppm: 157.7 (C), 154.8 (C), 153.5 573 

(C), 152.8 (C), 149.4 (CH), 147.4 (C), 136.2 (C), 130.1 (CH), 121.1 (C), 118.2 (C), 117.0 (CH), 574 

109.0 (C), 107.5 (CH), 102.3 (CH), 57.6 (CH3), 57.3 (CH3). LC-MS (ESI+) m/z 366 (M+H)+. 575 

2-chloro-5-((6,7-dimethoxyquinazolin-4-yl)amino)phenol hydrochloride (17)  576 

Compound 17 was synthesized using method a and after crystallization from methanol, was 577 

isolated as a yellow solid. Mp > 250°C. Yield = 80%. IR (ʋ, cm–1): 3169 (OH), 2784 (NH+). 578 

1H-NMR (DMSO, 300 MHz)  ppm: 4.00 (s, 3H, OCH3), 4.02 (s, 3H, OCH3), 7.16-7.20 (dd, 579 

1H, ArH, J = 2.4 Hz and J = 8.6 Hz), 7.39-7.43 (m, 3H, ArH), 8.36 (s, 1H, ArH), 8.84 (s,1H, 580 

ArH), 10.59 (s, 1H, OH), 11.41 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 158.5 (C), 581 

156.7 (C), 153.6 (C), 150.6 (C), 149.3 (CH), 137.0 (C), 136.6 (C), 130.0 (CH), 117.6 (C), 116.9 582 

(CH), 113.3 (CH), 107.8 (C), 104.3 (CH), 100.6 (CH), 57.3 (CH3), 56.9 (CH3). LC-MS (ESI+) 583 

m/z 332 (M+H)+. 584 

3-((6,7-dimethoxyquinazolin-4-yl)amino)phenol hydrochloride (18)  585 

Compound 18 was synthesized using method a and was isolated as a yellow solid. Mp = 153°C. 586 

Yield = 91%. IR (ʋ, cm–1): 3198 (OH), 2835 (NH). 1H-NMR (DMSO, 300 MHz)  ppm: 4.00 587 

(s, 6H, 2OCH3), 6.73-6.76 (m, 1H, ArH), 7.09-7.12 (m, 2H, ArH), 7.25-7.27 (m, 1H, ArH), 588 

7.36 (s, 1H, ArH), 8.27 (s, 1H, ArH), 8.82 (s, 1H, ArH), 9.74 (s,1H, NH), 11.19 (s, 1H, OH). 589 

13C NMR (DMSO, 75 MHz) δ ppm: 158.6 (C), 158.2 (C), 156.7 (CH), 150.7 (C), 149.2 (CH), 590 

138.2 (C), 136.0 (C), 129.9 (C), 115.9 (CH), 114.0 (CH), 112.4 (CH), 107.7 (C), 104.4 (CH), 591 

100.4 (CH), 57.3 (CH3), 56.9 (CH3). LC-MS (ESI+) m/z 298 (M+H)+. 592 
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2-bromo-5-((6,7-dimethoxyquinazolin-4-yl)amino)phenol (19) 593 

Compound 19 was synthesized using method a and after crystallization from acetonitrile, was 594 

isolated as an orange solid. Mp > 250 °C. Yield 50%. IR (ʋ, cm–1): 3423 (OH), 2388 (NH), 773 595 

(C-Br). 1H NMR (DMSO, 300 MHz)  ppm:  3.94 (s, 6H, 2OCH3), 7.06 (dd, 1H, J = 8.2 Hz, J 596 

= 2.3 Hz, ArH), 7.12 (d, 1H, J = 2.3 Hz, ArH), 7.18 (s, 1H, ArH), 7.41 (d, 1H, J = 8.2 Hz, ArH), 597 

7.85 (s, 1H, ArH), 8.37 (s, 1H, ArH), 9.31 (s, 1H, NH), 10.32 (s, 1H, OH). 13C NMR (DMSO, 598 

75 MHz) δ ppm: 157.6 (C), 154.6 (C), 153.3 (C), 153.2 (CH), 149.2 (C), 147.1 (C), 129.2 (C), 599 

126.7 (CH), 122.1 (C), 119.5 (CH), 118.1 (CH), 109.2 (CH), 107.5 (C), 102.6 (CH), 56.6 (CH3), 600 

56.2 (CH3).  LC-MS (ESI+) m/z 378 (M+H+).  601 

5-((6,7-dimethoxyquinazolin-4-yl)amino)-2-fluorophenol (20) 602 

Compound 20 was synthesized using method a and after crystallization from acetonitrile, was 603 

isolated as a white solid. Mp > 250°C. Yield 85%. IR (ʋ, cm–1): 2913 (OH), 1114 (C-F). 1H 604 

NMR (DMSO, 300 MHz)  ppm: 3.93 (s, 3H, OCH3), 3.95 (s, 3H, OCH3), 7.15-7.12 (d, 1H, J 605 

= 8.4 Hz, ArH), 7.18 (s, 1H, ArH), 7.51-7.48 (d, 1H, J = 8.7 Hz, ArH), 7.82 (s, 1H, ArH), 8.44 606 

(s, 1H, ArH), 9.38 (s, 1H, ArH). 13C NMR (DMSO, 75 MHz) δ ppm: 156.8 (C), 154.6 (C), 607 

153.3 (CH), 149.5-146.3 (d, JCF = 237 Hz, C), 149.2 (C), 147.3 (C), 144.9-144.7 (d, JCF = 14.2 608 

Hz, C), 136.2-136.1 (d, JCF = 2.6 Hz, C), 116.0-115.7 (d, JCF = 18.3 Hz, CH),  113.8-113.7 (d, 609 

JCF = 6.3 Hz, CH), 112.8-112.7 (d, JCF = 2.3 Hz, CH), 109.2 (CH), 107.6 (C), 102.3 (CH), 56.6 610 

(CH3), 56.2 (CH3), LC-MS (ESI+) m/z 316 (M+H+). 611 

4-chloro-N-(6,7-dimethoxyquinazolin-4-yl)benzene-1,3-diamine (21) 612 

Compound 21 was synthesized using method a and after crystallization from acetonitrile, was 613 

isolated as a beige solid. Mp = 243°C. Yield 33%. IR (ʋ, cm–1): 2688 (NH2), 618 (C-Cl). 1H 614 

NMR (DMSO, 300 MHz)  ppm: 3.98 (s, 3H, OCH3), 4.02 (s, 3H, OCH3), 6.90-6.86 (dd, 1H, 615 

J = 8.3 Hz, J = 2.3 Hz, ArH), 7.12-7.11 (d, 1H, J =2.3 Hz, ArH), 7.27-7.24 (d, 1H, J = 8.3 Hz, 616 
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ArH), 7.48 (s, 1H, ArH), 8.45 (s, 1H, ArH), 8.77 (s, 1H, ArH), 11.46 (s, 1H, NH). 13C NMR 617 

(DMSO, 75 MHz) δ ppm: 157.9 (C), 156.2 (C), 150.0 (C), 148.5 (C), 144.6 (CH), 135.7 (C), 618 

134.8 (C), 128.9 (CH), 114.8 (C), 114.1 (CH), 113.4 (CH), 111.2 (CH), 106.7 (C), 103.2 (CH), 619 

56.4 (CH3), 56.3 (CH3). LC-MS (ESI+) m/z 331 (M+H+). 620 

N-(6,7-dimethoxyquinazolin-4-yl)benzene-1,3-diamine (22) 621 

Compound 22 was synthesized using method a and purified on silica gel TLC glass plates 622 

eluting with CH2Cl2/MeOH (9/1) to give a grey solid. Mp > 250°C. Yield = 64%. IR (ʋ, cm–1): 623 

3315 (NH2), 2837 (NH). 1H-NMR (DMSO, 300 MHz)  ppm: 3.99 (s, 3H, OCH3), 4.00 (s, 3H, 624 

OCH3),  6.60-6.63 (d, 1H, ArH, J = 7.9 Hz), 6.92-6.94 (d, 1H, ArH, J = 8.1 Hz), 6.98 (s, 1H, 625 

ArH), 7.14-7.19 (m, 1H, ArH), 7.34 (s, 1H, ArH), 8.23 (s, 1H, ArH), 8.76 (s, 1H, ArH), 10.97 626 

(s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 158.2 (C), 156.5 (C), 150.5 (C), 149.4 (CH), 627 

147.6 (C), 137.8 (C), 136.9 (C), 129.7 (CH), 113.9 (CH), 113.5 (CH), 111.3 (CH), 107.6 (C), 628 

103.7 (CH), 101.0 (CH), 57.0 (CH3), 56.9 (CH3). LC-MS (ESI+) m/z 297 (M+H)+.  629 

6,7-dimethoxy-N-phenylquinazolin-4-amine hydrochloride (23)  630 

Compound 23 was synthesized using method a was isolated as a white solid. Mp = 136 °C. 631 

Yield = 55%. IR (ʋ, cm–1): 2667 (NH+). 1H-NMR (DMSO, 300 MHz)  ppm: 4.00 (s, 3H, 632 

OCH3), 4.03 (s, 3H, OCH3), 7.31-7.33 (m, 1H, ArH), 7.40 (s, 1H, ArH), 7.46-7.52 (m, 2H, 633 

ArH), 7.69-7.72 (m, 2H, ArH), 8.41 (s, 1H, ArH), 8.82 (s, 1H, ArH), 11.55 (s, 1H, NH). 13C 634 

NMR (DMSO, 75 MHz) δ ppm: 158.6 (C), 156.7 (C), 150.6 (C), 149.1 (CH), 137.3 (C), 135.9 635 

(C), 129.2 (2CH), 126.8 (CH), 125.4 (2CH), 107.7 (C), 104.4 (CH), 100.4 (CH), 57.5 (CH3), 636 

56.9 (CH3). LC-MS (ESI+) m/z 282 (M+H)+. 637 

N2-(6,7-dimethoxyquinazolin-4-yl)pyridine-2,4-diamine (24)  638 

Compound 24 was synthesized using method a and purified by flash chromatography eluting 639 

with CH2Cl2/MeOH (9/1) to give a beige solid. Mp > 250°C. Yield = 73%. IR (ʋ, cm–1): 2599 640 
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(NH+). 1H-NMR (DMSO, 300 MHz)  ppm: 3.88 (s, 3H, OCH3), 4.06 (s, 3H, OCH3), 6.06 (s, 641 

1H, ArH), 6.41-6.44 (dd, 1H, ArH, J = 1.2 Hz and J = 7.3 Hz), 6.84 (s, 1H, ArH), 7.35 (s, 2H, 642 

ArH), 7.60 (s, 1H, ArH), 7.72-7.75 (d, 2H, ArH), 9.19 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) 643 

δ ppm: 158.7 (C), 156.8 (C), 153.8 (C), 152.0 (CH) 150.8 (C), 149.3 (CH), 136.2 (C), 135.9 644 

(C), 131.7 (C), 123.3 (CH), 122.9 (CH), 119.4 (CH), 107.8 (C), 104.5 (CH), 100.4 (CH), 57.4 645 

(CH3), 56.8 (CH3). LC-MS (ESI+) m/z 339 (M+H)+. 646 

6,7-dimethoxy-N-(pyridin-4-yl)quinazolin-4-amine (25)  647 

Compound 25 was synthesized using method a and after crystallization from ethanol, was 648 

isolated as a yellow solid. Mp = 243°C. Yield = 55%. IR (ʋ, cm–1): 3230 (NH). 1H-NMR 649 

(DMSO, 300 MHz)  ppm: 3.95 (s, 3H, OCH3), 4.06 (s, 3H, OCH3), 7.31-7.33 (m, 3H, ArH), 650 

7.60 (s, 1H, ArH), 8.64-8.66 (m, 2H, ArH), 9.15 (s, 1H, ArH), 9.17 (s, 1H, NH). 13C NMR 651 

(DMSO, 75 MHz) δ ppm: 160.9 (C), 157.6 (C), 156.2 (C), 152.8 (CH), 152.0 (C), 151.5 (C), 652 

142.5 (CH), 113.6 (2CH), 109.9 (CH), 107.5 (2CH), 101.4 (CH), 57.1 (CH3), 56.7 (CH3). LC-653 

MS (ESI+) m/z 283 (M+H)+. 654 

N-(4,5-dimethyl-1H-pyrazol-3-yl)-6,7-dimethoxyquinazolin-4-amine (26)  655 

Compound 26 was synthesized using method a and purified on silica gel TLC glass plates 656 

eluting with CH2Cl2/MeOH (9/1) to give a yellow solid. Mp = 123 °C. Yield = 23%. IR (ʋ, cm–657 

1): 3184 (NH). 1H-NMR (DMSO, 300 MHz)  ppm: 1.76 (s, 3H, CH3), 2.18 (s, 3H, CH3), 3.92 658 

(s, 3H, OCH3), 3.94 (s, 3H, OCH3), 7.16 (s, 1H, ArH), 7.85 (s, 1H, ArH), 8.31 (s, 1H, ArH), 659 

9.50 (s, 1H, NH), 12.13 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 159.6 (C), 156.8 (C), 660 

150.7 (C), 149.1 (CH), 137.6 (C), 136.1 (C), 108.1 (C), 107.2 (C), 104.2 (CH), 100.3 (CH), 661 

57.1 (CH3), 56.9 (CH3), 10.0 (CH3), 8.2 (CH3). LC-MS (ESI+) m/z 300 (M+H)+.  662 

N-(6,7-dimethoxyquinazolin-4-yl)benzo[d]thiazol-5-amine hydrochloride (27)  663 
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Compound 27 was synthesized using method a and after crystallization from methanol, was 664 

isolated as a beige solid. Mp > 250°C. Yield = 73%. IR (ʋ, cm–1): 2599 (NH+). 1H-NMR 665 

(DMSO, 300 MHz)  ppm: 4.01 (s, 3H, OCH3), 4.05 (s, 3H, OCH3), 7.38 (s, 1H, ArH), 7.83-666 

7.87 (dd, 1H, ArH, J = 2.0 Hz and J = 8.4 Hz), 8.25-8.28 (d, 1H, ArH, J = 8.4 Hz), 8.42-8.49 667 

(m, 2H, ArH), 8.86 (s, 1H, ArH), 9.48 (s, 1H, ArH), 11.66 (s, 1H, NH). 13C NMR (DMSO, 75 668 

MHz) δ ppm: 158.7 (C), 156.8 (C), 153.8 (C), 152.0 (CH) 150.8 (C), 149.3 (CH), 136.2 (C), 669 

135.9 (C), 131.7 (C), 123.3 (CH), 122.9 (CH), 119.4 (CH), 107.8 (C), 104.5 (CH), 100.4 (CH), 670 

57.4 (CH3), 56.8 (CH3). LC-MS (ESI+) m/z 339 (M+H)+. 671 

N-(5-fluoro-1H-indazol-3-yl)-6,7-dimethoxyquinazolin-4-amine (28)  672 

Compounds 28 was synthesized using method a and purified by column chromatography on 673 

silica gel eluting with CH2Cl2/MeOH (9/1) to give a yellow solid. Mp > 250°C. Yield = 28%. 674 

IR (cm–1: neat): 1220 (C-F). 1H-NMR (DMSO)  ppm: 4.01 (s, 6H, 2OCH3), 7.21 (s, 1H, ArH), 675 

7.24-7.29 m, 2H, ArH), 7.53-7.58 (m, 1H, ArH), 7.97 (s, 1H, ArH), 8.34 (s, 1H, ArH), 10.16 676 

(s, 1H, NH), 12.93 (s, 1H, NH). 13C NMR (DMSO, 75Hz) δ ppm: 158.2 (C), 157.7 (C), 155.1 677 

(CH), 154.8 (C), 153.5 (C), 149.3 (C), 147.3 (CH), 138.8 (C), 116.4 (C), 116.0 (CH), 112.6 (C), 678 

112.4 (CH), 107.4 (CH), 106.3 (CH), 102.7 (CH), 56.6 (CH3), 56.3 (CH3). LC-MS (ESI+) m/z 679 

340 (M+H)+. 680 

1-(6,7-dimethoxyquinazolin-4-yl)-5-fluoro-1H-indazol-3-amine (29)  681 

Compounds 29 was synthesized using method a and purified by column chromatography on 682 

silica gel eluting with CH2Cl2/MeOH (9/1) to give a beige solid. Mp > 250°C. Yield = 6%. IR 683 

(cm–1: neat): 3191 (NH2), 1220 (C-F). 1H-NMR (DMSO)  ppm: 3.98 (s, 6H, 2OCH3), 6.57 (s, 684 

2H, NH2), 7.31 (s, 1H, ArH), 7.44-7.51 (m, 1H, ArH), 7.74-78 (dd, 2H, ArH, J = 2.4 Hz and J 685 

= 8.4 Hz), 8.77-8.80 (m, 1H, ArH), 8.82 (s, 1H, ArH), 9.15 (s, 1H, NH). 13C NMR (DMSO, 686 

75Hz) δ ppm: 159.8 (C), 155.2 (CH), 154.2 (C), 152.9 (C) 152.2 (C), 150.6 (C), 149.1 (C), 687 
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138.2 (C), 119.6 (CH), 118.8 (CH), 117.5 (C), 110.8 (CH), 107.5 (CH), 107.2 (CH), 106.0 688 

(CH), 56.4 (CH3), 56.2(CH3). LC-MS (ESI+) m/z 340 (M+H)+. 689 

N-(2,4-dichloro-5-methoxyphenyl)-6,7-bis(2-methoxyethoxy)quinazolin-4-amine (30)  690 

Compound 30 was synthesized using method b and was isolated as a grey solid. Mp = 184°C. 691 

Yield = 73%. IR (ʋ, cm–1): 1125 (C-O-C), 1074 (C-Cl). 1H-NMR (DMSO, 300 MHz)  ppm: 692 

3.36 (s, 3H, OCH3), 3.38 (s, 3H, OCH3), 3.74-3.80 (m, 4H,CH2), 3.87 (s, 3H, OCH3), 4.26-4.30 693 

(m, 4H,CH2), 7.22 (s, 1H, ArH), 7.38 (s, 1H, ArH), 7.71 (s, 1H, ArH), 7.87 (s, 1H, ArH), 8.35 694 

(s, 1H, ArH), 9.60 (s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 157.8 (C), 154.2 (C), 153.5 695 

(CH), 148.5 (C), 147.3 (C), 136.8 (C), 130.2 (CH), 122.9 (C), 119.5 (C), 114.1 (CH), 109.1 (C), 696 

108.5 (CH), 103.6 (CH), 70.6 (CH2), 68.7 (CH2), 68.5 (CH2), 58.9 (CH3), 58.8 (CH3), 57.1 697 

(CH3). LC-MS (ESI+) m/z 468 (M+H)+. 698 

N-(2,4-dichloro-5-methoxyphenyl)-6,7,8-trimethoxyquinazolin-4-amine (31)  699 

Compound 34 was synthesized using method b and was isolated as a white solid. Mp = 177°C. 700 

Yield = 16%. IR (ʋ, cm–1): 1129 (C-O-C), 1079 (C-Cl). 1H-NMR (DMSO, 300 MHz)  ppm: 701 

3.87 (s, 3H, OCH3), 3.92 (s, 3H, OCH3), 3.97 (s, 3H, OCH3), 4.01 (s, 3H, OCH3), 7.34 (s, 1H, 702 

ArH), 7.70 (s, 1H, ArH), 7.72 (s, 1H, ArH), 8.38 (s, 1H, ArH), 9.74 (s, 1H, NH). 13C NMR 703 

(DMSO, 75 MHz) δ ppm: 158.4 (C), 154.2 (C), 152.6 (C), 152.5 (CH), 147.4 (C), 146.7 (C), 704 

141.5 (C), 136.6 (C), 130.2 (CH), 123.2 (C), 119.8 (C), 114.1 (CH), 111.5 (C), 98.5 (CH), 62.3 705 

(CH3), 61.4 (CH3), 57.1 (CH3), 56.8 (CH3). LC-MS (ESI+) m/z 410 (M+H)+. 706 

Methyl 4-(2-(diethylamino)ethoxy)-3-methoxybenzoate hydrochloride (32) 707 

Potassium carbonate (0.44 mol, 4 equiv.) was added to a solution of methyl vanillate (0.11 mol) 708 

in acetone (300 mL) and was stirred for 5 min. 2-Diethylaminoethyl chloride hydrochloride 709 

(0.16 mol, 1.5 equiv.) was added and the mixture was refluxed for 16 h. The inorganic solid 710 

was filtered off and the filtrate was concentrated under vacuum. The oily residue was dissolved 711 
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in 2-propanol (10 mL) and 2-propanol saturated with HCl was added (15 mL). The resulting 712 

white precipitate was filtered, washed with diethyl ether, and dried under vacuum to afford 32. 713 

Mp = 91°C. Yield = 76%. IR (ʋ, cm–1): 2473 (NH+), 1707 (C=O). 1H NMR (DMSO, 300 MHz) 714 

 ppm: 1.23-1.28 (m, 6H, 2NCH2CH3), 3.21-3.23 (m, 4H, 2NCH2CH3), 3.50-3.54 (t, 2H, 715 

NCH2CH2O, J = 4.6 Hz), 3.82 (s, 3H, OCH3), 3.83 (s, 3H, OCH3), 4.43-4.47 (t, 2H, 716 

NCH2CH2O, J = 4.6 Hz), 7.13-7.15 (d, 1H, ArH, J = 8.7 Hz), 7.48-7.49 (d, 1H, ArH, J = 2.1 717 

Hz), 7.61-7.62 (dd, 1H, ArH, J = 8.7 Hz and J = 2.1 Hz), 10.53 (s, 1H, NH+). LC/MS (ESI+) 718 

m/z 282 (M+H)+. 719 

Methyl 4-(2-(diethylamino)ethoxy)-5-methoxy-2-nitrobenzoate hydrochloride (33) 720 

A solution of tin (IV) chloride (28 mmol, 3 equiv.) and nitric fuming acid (28 mmol, 3 equiv.) 721 

in CH2Cl2 (20 mL) was added dropwise to a solution of 32 (9.40 mmol) in CH2Cl2 (150 mL) 722 

cooled at -70°C. After stirring for 8 h at -70°C and warming to room temperature, the residue 723 

was filtered off and dissolved in saturated potassium carbonate solution (100 mL). The aqueous 724 

solution was then extracted with ethyl acetate (3 × 70 mL), dried over magnesium sulfate, and 725 

concentrated under vacuum. The oily residue was dissolved in 2-propanol (3 mL), and 2-726 

propanol saturated with HCl was added (7 mL). The resulting white precipitate was filtered, 727 

washed with diethyl ether, and dried under vacuum to afford 33. Mp = 130°C. Yield = 88%. IR 728 

(ʋ, cm–1): 2474 (NH+), 1733 (C=O), 1529 (NO2). 
1H NMR (DMSO, 300 MHz)  ppm: 1.23-729 

1.27 (m, 6H, 2NCH2CH3), 3.20-3.23 (m, 4H, 2NCH2CH3), 3.52-3.54 (m, 2H, NCH2CH2O), 730 

3.84 (s, 3H, OCH3), 3.95 (s, 3H, OCH3), 4.49-4.53 (m, 2H, NCH2CH2O), 7.39 (s, 1H, ArH), 731 

7.77 (s, 1H, ArH), 9.98 (s, 1H, NH+). LC/MS (ESI+) m/z 327 (M+H)+. 732 

Methyl 2-amino-4-(2-(diethylamino)ethoxy)-5-methoxybenzoate hydrochloride (34)  733 

Compound 33 (6 mmol) was dissolved in methanol (50 mL), and Raney nickel (0.4 g) was 734 

added. The mixture was stirred under a hydrogen atmosphere at room temperature for 16 h. The 735 
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product was passed through a plug of Celite before being concentrated and purified by column 736 

chromatography on silica gel eluting with CH2Cl2/MeOH (9/1). Petroleum ether provided the 737 

title compound as a brown solid. Mp = 177°C. Yield = 66%. IR (ʋ, cm–1): 3265 (NH2), 2462 738 

(NH+), 2679 (C=O). 1H NMR (DMSO, 300 MMHz)  ppm: 1.25-1.29 (m, 6H, 2NCH2CH3), 739 

3.21-3.23 (m, 4H, 2NCH2CH3), 3.50-3.54 (m, 2H, NCH2CH2O), 3.67 (s, 3H, OCH3), 3.76 (s, 740 

3H, OCH3), 4.34-4.37 (t, 2H, NCH2CH2O, J = 4.60 Hz), 6.41 (s, 1H, ArH), 6.50 (s, 2H, NH2), 741 

7.17 (s, 1H, ArH), 10.76 (s, 1H, NH+). LC/MS (ESI+) m/z 297 (M+H)+. 742 

7-(2-(diethylamino)ethoxy)-6-methoxyquinazolin-4(3H)-one (35)  743 

A mixture of 34 (3 mmol) and ammonium formate (9 mmol, 3 equiv.) in formamide (1 mL) 744 

was heated at 140°C for 16 h. The reaction was hydrolyzed with potassium carbonate solution 745 

(1 N, 40 mL) and extracted with ethyl acetate (5 × 30 mL). The combined organic layers were 746 

dried over magnesium sulfate and concentrated under vacuum. The residue was purified by 747 

column chromatography on silica gel eluting with CH2Cl2/MeOH (9/1) to give a brown solid. 748 

Mp = 138°C. Yield = 68%. IR (ʋ, cm–1): 1660 (C=O), 1608 (NH). 1H NMR (DMSO, 300 MHz) 749 

 ppm: 0.96-1.01 (m, 6H, 2NCH2CH3), 2.58-2.60 (m, 4H, 2NCH2CH3), 2.81-2.86 (t, 2H, 750 

NCH2CH2O, J = 6.0 Hz), 3.87 (s, 3H, OCH3), 4.13-4.18 (t, 2H, NCH2CH2O, J = 6.0 Hz), 7.15 751 

(s, 1H, ArH), 7.44 (s, 1H, ArH), 7.98 (s, 1H, ArH), 12.07 (s, 1H, OH). LC/MS (ESI+) m/z 292 752 

(M+H)+. 753 

2-((4-chloro-6-methoxyquinazolin-7-yl)oxy)-N,N-diethylethanamine (36)  754 

A mixture of 35 (3 mmol) and phosphorous oxychloride (20 mL) was refluxed for 2 h. After 755 

evaporation under vacuum, ice water (50 mL) was added and the mixture was neutralized by 756 

ammonium hydroxide. The aqueous layer was extracted with CH2Cl2 (3 × 50 mL) and the 757 

extract was washed with saturated aqueous sodium hydrogen carbonate solution and dried over 758 

calcium chloride. The solvent was removed by evaporation and the residue was purified by 759 
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column chromatography on silica gel eluting with CH2Cl2/MeOH (9/1) to provide a white solid. 760 

Mp = 190°C. Yield = 95%. IR (ʋ, cm–1): 1160 (C-Cl). 1H NMR (DMSO, 300 MHz)  ppm: 761 

1.04-1.09 (m, 6H, 2NCH2CH3), 2.67-2.82 (m, 4H, 2NCH2CH3), 2.96-3.12 (m, 2H, 762 

NCH2CH2O), 3.92 (s, 3H, OCH3), 4.11 (s, 3H, OCH3), 4.25-4.35 (m, 2H, NCH2CH2O), 7.34 763 

(s, 1H, ArH), 7.36 (s, 1H, ArH), 8.64 (s, 1H, ArH). LC/MS (ESI+) m/z 310 (M+H)+. 764 

N-(2,4-dichloro-5-methoxyphenyl)-7-(2-(diethylamino)ethoxy)-6-methoxyquinazolin-4-765 

amine (37)  766 

Compound 37 was synthesized using method b and after crystallization from acetonitrile, was 767 

isolated as a white solid. Mp = 169°C. Yield = 27 %. IR (ʋ, cm–1): 1600 (NH), 1079 (C-Cl). 1H 768 

NMR (DMSO, 300 MHz)  ppm: 0.99-1.03 (m, 6H, 2NCH2CH3), 2.56-2.62 (m, 4H, 769 

2NCH2CH3), 2.85-2.89 (t, 2H, NCH2CH2O, J = 6.0 Hz), 3.87 (s, 3H, OCH3), 3.94 (s, 3H, 770 

OCH3),  4.48-4.22 (t, 2H, NCH2CH2O, J = 6.0 Hz), 7.21 (s, 1H, ArH), 7.36 (s, 1H, ArH), 7.71 771 

(s, 1H, ArH), 7.83 (s, 1H, ArH), 8.34 (s, 1H, ArH), 9.60 (s, 1H, NH). 13C NMR (DMSO, 75 772 

MHz) δ ppm: 157.8 (C), 154.1 (C), 154.0 (C), 153.5 (CH), 149.5 (C), 147.4 (C), 136.8 (C), 773 

130.2 (CH), 123.0 (C), 119.5 (C), 114.0 (CH), 109.0 (C), 108.2 (CH), 102.4 (CH), 67.7 (CH2), 774 

57.1 (CH3), 56.6 (CH3), 51.4 (CH2), 47.5 (2CH2), 12.3 (2CH3). LC/MS (ESI+) m/z 465 (M+H)+. 775 

Methyl 3-(2-(diethylamino)ethoxy)-4-methoxybenzoate hydrochloride (38) 776 

Compound 38 was obtained by the same procedure as used for 32. Starting from methyl 3-777 

hydroxy-4-methoxybenzoate (0.08 mol), a white solid was synthesized. Mp = 104 °C. Yield = 778 

77%. IR (ʋ, cm–1): 2454 (NH+), 1714 (C=O). 1H NMR (DMSO, 300 MHz)  ppm: 1.23-1.29 779 

(m, 6H, 2NCH2CH3), 3.20-3.25 (m, 4H, 2NCH2CH3), 3.48-3.50 (m, 2H, NCH2CH2O), 3.82 (s, 780 

3H, OCH3), 3.85 (s, 3H, OCH3), 4.50 (t, 2H, NCH2CH2O, J = 4.7 Hz), 7.11-7.14 (d, 1H, ArH, 781 

J = 8.6 Hz), 7.50-7.51 (d, 1H, ArH, J = 1.8 Hz), 7.63-7.67 (dd, 1H, ArH, J = 8.5 Hz and J = 1.8 782 

Hz), 10.69 (s, 1H, NH+). LC/MS (ESI+) m/z 282 (M+H)+. 783 
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Methyl 5-(2-(diethylamino)ethoxy)-4-methoxy-2-nitrobenzoate hydrochloride (39) 784 

A solution of tin (IV) chloride (28 mmol) and nitric fuming acid (28 mmol) in CH2Cl2 (20 mL) 785 

was added dropwise to a solution of 38 (9.40 mmol) in CH2Cl2 (150 mL) cooled at -70°C. After 786 

stirring for 8h at -70°C and warming to room temperature, water was added (100 mL). The 787 

aqueous layer was basified with 6 N NaOH and extracted with CH2Cl2 (3 × 70 mL). The 788 

combined organic layers were washed with saturated potassium carbonate solution and 789 

saturated sodium chloride solution and dried over calcium chloride. After concentration under 790 

vacuum, the oily residue was dissolved in 2-propanol (3 mL), and 2-propanol saturated with 791 

HCl was added (7 mL). The resulting white precipitate was filtered, washed with diethyl ether, 792 

and dried under vacuum to afford 39. Mp = 135°C. Yield = 91%. IR (ʋ, cm–1): 2484 (NH+), 793 

1710 (C=O), 1520 (NO2). 
1H NMR (DMSO, 300 MHz)  ppm: 1.24-1.29 (m, 6H, 2NCH2CH3), 794 

3.21-3.23 (m, 4H, 2NCH2CH3), 3.54-3.56 (m, 2H, NCH2CH2O), 3.84 (s, 3H, OCH3), 3.93 (s, 795 

3H, OCH3), 4.53-4.57 (t, 2H, NCH2CH2O, J = 4.8 Hz), 7.43 (s, 1H, ArH), 7.70 (s, 1H, ArH), 796 

10.56 (s, 1H, NH+). LC/MS (ESI+) m/z 327 (M+H)+. 797 

Methyl 2-amino-5-(2-(diethylamino)ethoxy)-4-methoxybenzoate hydrochloride (40) 798 

Compound 40 was obtained by using the same procedure as used for 34. Starting from 39 (6 799 

mmol), a brown solid was obtained after purification by column chromatography on silica gel 800 

eluting with CH2Cl2/CH3OH (9/1). Mp = 144°C. Yield = 77%. IR (ʋ, cm–1): 3447 (NH2), 2453 801 

(NH+), 1680 (C=O). 1H NMR (DMSO, 300 MHz)  ppm: 1.23-1.28 (m, 6H, 2NCH2CH3), 3.20-802 

3.27 (m, 4H, 2NCH2CH3), 3.41-3.45 (m, 2H, NCH2CH2O), 3.76 (s, 3H, OCH3), 3.78 (s, 3H, 803 

OCH3), 4.17-4.20 (t, 2H, NCH2CH2O, J = 4.8 Hz), 6.42 (s, 1H, ArH), 6.57 (s, 2H, NH2), 7.27 804 

(s, 1H, ArH), 10.18 (s, 1H, NH+). LC/MS (ESI+) m/z 297 (M+H)+. 805 

6-(2-(diethylamino)ethoxy)-7-methoxyquinazolin-4(3H)-one (41)  806 
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A mixture of 40 (3 mmol) and ammonium formate (9 mmol, 3 equiv.) in formamide (1 mL) 807 

was heated at 140°C for 16 h. The reaction was treated with water (50 mL) and extracted with 808 

CH2Cl2 (2 × 30 mL). The aqueous layer was neutralized by a saturated potassium carbonate 809 

solution. The precipitate was collected by filtration and washed with water and diethyl ether to 810 

provide a white solid after crystallization from ethanol. Mp = 235°C. Yield = 71%. IR (ʋ, cm–811 

1): 1670 (C=O), 1612 (NH). 1H NMR (DMSO, 300 MHz)  ppm: 0.96-1.01 (m, 6H, 812 

2NCH2CH3), 2.51-2.65 (m, 4H, 2NCH2CH3), 2.83-2.89 (m, 2H, NCH2CH2O), 3.91 (s, 3H, 813 

OCH3), 4.06-4.16 (m, 2H, NCH2CH2O), 7.14 (s, 1H, ArH), 7.46 (s, 1H, ArH), 7.99 (s, 1H, 814 

ArH), 12.06 (s, 1H, OH). LC/MS (ESI+) m/z 292 (M+H)+. 815 

2-((4-chloro-7-methoxyquinazolin-6-yl)oxy)-N,N-diethylethanamine (42)  816 

Compound 42 was obtained by using the same procedure as used for 36. Starting from 41 (3 817 

mmol), a white solid was prepared after purification by column chromatography on silica gel 818 

eluting with CH2Cl2/CH3OH (95/5). Mp = 202°C. Yield = 92%. IR (ʋ, cm–1): 1614 (NH), 1158 819 

(C-Cl). 1H NMR (DMSO, 300 MHz)  ppm: 0.99-1.04 (m, 6H, 2NCH2CH3), 2.60-2.63 (m, 4H, 820 

2NCH2CH3), 2.88-2.93 (m, 2H, NCH2CH2O), 4.02 (s, 3H, OCH3), 4.24-4.28 (t, 2H, 821 

NCH2CH2O, J = 5.8 Hz), 7.45 (s, 1H, ArH), 7.46 (s, 1H, ArH), 8.89 (s, 1H, ArH). LC/MS 822 

(ESI+) m/z 310 (M+H)+. 823 

N-(2,4-dichloro-5-methoxyphenyl)-6-(2-(diethylamino)ethoxy)-7-methoxyquinazolin-4-824 

amine (43)  825 

Compound 43 was synthesized using method b and was isolated as a white solid. Mp = 175°C. 826 

Yield = 49 %.  IR (ʋ, cm–1): 1603 (NH), 1077 (C-Cl). 1H NMR (DMSO, 300 MHz)  ppm: 827 

1.00-1.05 (m, 6H, 2NCH2CH3), 2.61-2.66 (m, 4H, 2NCH2CH3), 2.87-2.94 (m, 2H, 828 

NCH2CH2O), 3.87 (s, 3H, OCH3), 3.94 (s, 3H, OCH3),  4.15-4.20 (m 2H, NCH2CH2O), 7.20 829 

(s, 1H, ArH), 7.36 (s, 1H, ArH), 7.71 (s, 1H, ArH), 7.84 (s, 1H, ArH), 8.34 (s, 1H, ArH), 9.58 830 
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(s, 1H, NH). 13C NMR (DMSO, 75 MHz) δ ppm: 157.8 (C), 154.9 (C), 154.1 (C), 153.5 (CH), 831 

148.6 (C), 147.4 (C), 136.8 (C), 130.2 (CH), 123.1 (C), 119.6 (C), 114.1 (CH), 109.0 (C), 107.6 832 

(CH), 103.0 (CH), 67.9 (CH2), 57.1 (CH3), 56.3 (CH3), 51.7 (CH2), 47.6 (2CH2), 12.3 (2CH3). 833 

LC/MS (ESI+) m/z 465 (M+H)+. 834 

Methyl 2-amino-4-(2-(diethylamino)ethoxy)benzoate (44)  835 

Potassium carbonate (0.24 mmol) was added to a solution of methyl 2-amino-4-836 

hydroxybenzoate (0.06 mmol, 4 equiv.) in acetone (20 mL) and was stirred for 5 min. 2-837 

diethylaminoethyl chloride hydrochloride (0.06 mmol) was added and the mixture was refluxed 838 

for 16 h. The inorganic solid was filtered off and the filtrate was concentrated under vacuum to 839 

afford compound 44 as a yellow oil. Yield = 94%. IR (ʋ, cm–1): 3147 (NH2), 1682 (C=O), 1224 840 

(C-O-C). 1H NMR (DMSO, 300 MHz)  ppm: 0.95-1.00 (m, 6H, 2NCH2CH3), 2.55-2.58 (m, 841 

4H, 2NCH2CH3), 2.74-2.78 (t, 2H, NCH2CH2O, J = 5.8 Hz), 3.74 (s, 3H, OCH3), 4.43-4.47 (t, 842 

2H, NCH2CH2O, J = 6.1 Hz), 6.11-6.15 (dd, 1H, ArH, J = 8.7 Hz and J = 9.0 Hz), 6.27-6.28 843 

(d, 1H, ArH, J = 2.4 Hz), 6.68 (s, 2H, NH2), 7.60-7.63 (d, 1H, ArH, J = 9.0 Hz). LC/MS (ESI+) 844 

m/z 267 (M+H)+. 845 

7-(2-(diethylamino)ethoxy)quinazolin-4(3H)-one (45) 846 

Compound 45 was obtained by the same procedure as used for 35. Starting from 44 (0.06 847 

mmol), a white solid was synthesized. Mp > 250 °C. Yield = 68%. IR (ʋ, cm–1): 2965 (OH), 848 

1607 (C=N). 1H-NMR (DMSO, 300 MHz)  ppm: 0.96-1.00 (m, 6H, 2NCH2CH3), 2.53-2.59 849 

(m, 4H, 2NCH2CH3), 2.79-2.83 (t, 2H, NCH2CH2O, J = 6.0 Hz), 4.11-4.15 (t, 2H, NCH2CH2O, 850 

J = 6.0 Hz), 7.04-7.05 (d, 1H, ArH, J = 2.4 Hz), 7.08 (S, 1H, ArH), 7.98-8.01 (m, 1H, ArH), 851 

8.05 (s, 1H, ArH), 12.05 (s, 1H, OH). LC/MS (ESI+) m/z 262 (M+H)+.  852 

2-((4-chloroquinazolin-7-yl)oxy)-N,N-diethylethanamine (46)   853 
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Compound 46 was obtained by the same procedure as used for 36. Starting from 45 (0.04 854 

mmol), a white solid was synthesized.  Mp = 62 °C. Yield = 31%. IR (ʋ, cm–1): 1142 (C-Cl). 855 

1H-NMR (DMSO, 300 MHz)  ppm: 0.97-1.02 (m, 6H, 2NCH2CH3), 2.56-2.63 (m, 4H, 856 

2NCH2CH3), 2.86-2.90 (m, 2H, NCH2CH2O), 4.27-4.31 (t, 2H, NCH2CH2O, J = 6.0 Hz), 7.46-857 

7.50 (m, 2H, ArH), 8.16-8.19 (m, 1H, ArH), 8.99 (s, 1H, ArH). LC/MS (ESI+) m/z 280 (M+H)+. 858 

N-(2,4-dichloro-5-methoxyphenyl)-7-(2-(diethylamino)ethoxy)quinazolin-4-amine (47)  859 

Compound 47 was obtained using method b and was isolated as a beige solid. Mp = 210 °C. 860 

Yield = 16%. IR (ʋ, cm–1): 3428 (NH), 1217 (C-O-C), 1158 (C-Cl). 1H-NMR (DMSO, 300 861 

MHz)  ppm: 1.01-1.11 (m, 6H, 2NCH2CH3), 2.64-2.81 (m, 4H, 2NCH2CH3), 2.93-3.04 (m, 862 

2H, NCH2CH2O), 3.88 (s, 3H, OCH3), 4.23-4.31 (m, 2H, NCH2CH2O), 7.21-7.27 (m, 2H, ArH), 863 

7.40 (s, 1H, ArH), 7.70 (s, 1H, ArH), 8.37-8.42 (m, 2H, ArH), 9.81 (s, 1H, NH). 13C NMR 864 

(DMSO, 75 MHz) δ ppm: 162.4 (C), 158.8 (C), 155.7 (CH), 154.1 (C), 152.5 (C), 136.6 (C), 865 

130.2 (CH), 125.2 (CH), 123.1 (C), 119.7 (C), 118.4 (CH), 114.1 (CH), 109.5 (C), 108.1 (CH), 866 

57.1 (CH3), 51.4 (2CH2), 47.5 (2CH2), 11.8 (2CH3). LC/MS (ESI+) m/z 435 (M+H)+. 867 
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