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ABSTRACT: Acute respiratory diseases in humans can be caused by various viral pathogens such as respiratory syncytial 
virus (RSV), human coronavirus 229E (hCoV-229E), and 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). To prevent severe cases by an early treatment,
one effective strategy is to inhibit viral infection at the en-
try stage of the replication cycle. However, there is a lack 
of efficient, FDA-approved small molecule drugs target-
ing these pathogens. Previously, we identified two dual 
RSV/hCoV-229E small molecule inhibitors with activity 
in the single-digit micromolar range. In this study, we fo-
cused on optimizing the more promising starting point 
using a multiparametric hit optimization approach. 
Here, we present the results, including valuable insights 
into the structure activity relationship (SAR), and report 
the discovery of a submicromolar RSV entry inhibitor and 
a highly potent compound against hCoV-229E.

INTRODUCTION
The COVID-19 pandemic has provided meaningful insights 
into the severity of viral infections and the consequences of 
rapid outbreaks and serious cases. In addition to corona-
viruses, other viruses such as the respiratory syncytial virus 
(RSV) can also contribute significantly to severe infections.
To mitigate such cases and facilitate early treatment, it is es-
sential to inhibit viral replication. RSV infections pose a sig-
nificant risk, particularly to young children, immune-sup-
pressed individuals, and older people, often resulting in fa-
tal and life-threatening cases.1 One strategy for preventing 
RSV replication and mitigating severe cases involves drug 
development targeting specific steps in its replication cycle, 
such as the entry mechanism. RSV entry relies on the inter-
action between its fusion protein (F protein) and the 

attachment protein (G protein) with host cellular factors.2 5

Specifically, the RSV-G protein attaches to the host cell sur-
face, triggering a conformational change in the RSV-F pro-
tein from a pre-fusional to a post-fusional state, facilitating 
fusion with the host cell and subsequent entry. This confor-
mational change can be obstructed by an inhibitor that 
binds to the central cavity of the trimeric preconformational 
F protein.2 The characteristics of RSV F, including its pivotal 
role in viral infection initiation, high conservation of both 
subgroups, RSV-A and RSV-B,6 and location in the virus par-

3 that enhances drug accessibility, have led 
to the development of numerous inhibitors, some of which 
have already advanced to clinical trials. Several promising 
examples of RSV entry inhibitors have emerged, including 
the optimized version of BMS-433771 (1), Rilematovir (2),7
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Presatovir (3),8 and Sisunatovir (4) (Figure 1).9 These inhib-
itors have demonstrated in vitro activities ranging from na-
nomolar to picomolar concentrations. However, as of now, 
none of them has successfully completed all clinical trials. 
Some are still under investigation, such as compounds 210,11 
and 412, while compound 3 did not meet the clinical trial re-
quirements, specifically showing no efficacy in lower respir-
atory tract infections13 and in patients with experimental 
RSV infection14. Currently, the only efficient FDA-approved 
drugs for RSV are the monoclonal antibodies Palivizumab 
(Synagis) and Nirsevimab (Beyfortus),15 17 which target the 
F protein. 

Figure 1: Examples of RSV entry inhibitors that reached 
clinical trials. EC50 and CC50 values derived from litera-
ture.8,10 12 

Figure 2: Examples of hCoV-229E and SARS-CoV-2 inhibitors. 
EC50 and CC50 values derived from literature.25 27 

Human coronavirus 229E (hCoV-229E) and severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) are en-
veloped, single-stranded RNA viruses, similar to RSV. Nev-
ertheless, they differ in the nature and structure of their sur-
face proteins and the sense of their RNA.18 While hCoV-229E 
typically causes mild cold-like symptoms and occasionally 
severe illness in the same susceptible groups as RSV,19,20 
SARS-CoV-2 is more acute in adults with risk factors such as 
advanced age or obesity,21,22 compared to young children.23 
The spike protein (S protein) serves as the entry target for 
coronaviruses, analogous to the RSV-F protein.2 5,18,24 It is a 
type I membrane glycoprotein consisting of two domains: 

the receptor binding domain S1, responsible for attach-
ment, and domain S2, which acts as the fusion protein facil-
itating viral entry.4,5,24 

Various inhibitors have been discovered against corona-
viruses through repurposing screenings (see Figure 2). For 
instance, the antimalarial drug chloroquine (5) inhibits 
hCoV-229E in vitro but only demonstrates activity against 
SARS-CoV-2 depending on the cell type.28 30 Remdesivir (6), 
a broad-spectrum antiviral, shows inhibitory effects against 
both hCoV-229E and SARS-CoV-2,29 although its efficacy 
against the latter is still uncertain.31,32 Resveratrol (7) ex-
hibits inhibitory activity against both 229E and 
SARS-CoV-2, as well as RSV, and shows the most favorable 
cell viability among these three inhibitors.25,33 However, fur-
ther investigation and optimization processes are neces-
sary for resveratrol.34 

The lack of cost-effective FDA-approved alternatives for 
RSV infection, along with the urgent need for inhibitors tar-
geting human coronaviruses due to the severe conse-
quences of the COVID-19 pandemic and as alternatives to 
vaccines, underscores the importance of developing small 
molecule antivirals. 

Furthermore, the potential for combination therapies ne-
cessitates the exploration of surrogate compounds. In a re-
cent screening campaign, we identified four promising hit 
compounds. Notably, two small molecules exhibited mi-
cromolar activity against RSV and hCoV-229E without sig-
nificant cytotoxicity.35 In this present study, we focused on 
one of these two compounds (compound 3)35, which we had 
qualified as a RSV cell entry inhibitor. We chose this com-
pound because of its dual inhibitory effect on RSV and hCoV-
229E and its non-cytotoxic nature. Here, we report on a 
comprehensive study of this previous hit, designated com-
pound 8a (Figure 3). To shed light on its structure activity 
relationships (SARs) gaining a deeper understanding of its 
function against RSV and hCoV-229E, we focused on its syn-
thetic derivatization following a multiparametric optimiza-
tion approach in terms of activity, cell viability, selectivity, 
solubility, and metabolic stability. Additionally, we evalu-
ated the initial hit compound 8a, as well as the most active 
hCoV-229E inhibitors, for their activity against SARS-CoV-2. 

RESULTS AND DISCUSSION 
To conduct virus-specific SAR studies on screening hit 8a 
and its multiparametric optimization, we implemented a 
systematic and iterative workflow. This workflow involved 
the derivatization of hit 8a using both commercially availa-
ble and synthesized compounds, followed by the biological 
evaluation of these derivatives against two viruses, namely 
RSV and hCoV-229E. 

In case of RSV, the biological evaluation involved a two-step 
infection experiment using a luciferase-expressing reporter 
virus and a host cell, expressing an alternative luciferase en-
zyme. Virus and compounds were added to these cells, and 
the first reading was conducted 24 h after application. This 
step 1 reading therefore determines effects on viral cell en-
try and RNA replication as well as potential cytotoxicity. 
The round 2 reading is taken after collecting the culture 
fluid from these infected cells (24 h post inoculation) and 
passing these together with residual compound on to naïve 
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cells. Therefore, the round 2 reading cumulates antiviral ef-
fects across this extended time duration. As passaging of 
culture fluids to naïve cells is involved, this round 2 reading 
can also reveal antiviral effects on late replication cycle 
steps such as for instance virus assembly and release. The 
primary objective was to analyze and improve the activity- 
cytotoxicity profile of starting point 8a, with particular em-
phasis on its quinazoline moiety, as well as its linker and 
benzyl substituent (Figure 3). 

 

Figure 3: Defined modification parts of starting point 8a with 
corresponding activity and cell viability data. 

To determine the most effective growth vector targeting 
RSV and investigate the preferred chlorine directions for 
addressing hCoV-229E, we first conducted chlorine scram-
bling experiments (8b e, Table 1). Through this process, we 
identified position eight (8b) as a potential growth vector 
for the RSV inhibitor, demonstrating increased activity com-
pared to parent compound 8a, without any cytotoxic effects 
at compound concentrations up to 10 µM. The remaining po-
sitions exhibited either reduced activity, but still higher 
than the initial compound 8a (8e), or were unfavorable dur-
ing the initial infection round (8c, 8d). In the second infec-
tion round, only position 8c failed to meet the activity 
threshold of 25% infectivity, indicating that position seven 
is the least conducive for chlorine substituents. Determina-
tion of dose-dependent response confirmed this trend. 
Moreover, a differentiated profile against hCoV-229E could 
be verified here  all mono-substitution patterns (8b-e) led 
to decreased activities compared to 8a on this pathogen. 
Hence, we started our further optimizations of the initial 
dual RSV/hCoV-229E inhibitor to develop more selective, 
promising inhibitors of RSV and hCoV-229E. In order to tar-
get RSV, while simultaneously controlling the impact on 
hCoV-229E, we initially focused on modifying the molecule 
in the chlorine direction that exhibited the most favorable 
results, specifically position eight (Table 1). Replacing the 
chlorine atom by other halogens, such as fluorine (8f) or 
bromine (8g), resulted in enhanced activity against RSV in 
both cases. Nevertheless, the introduction of fluorine 
demonstrated a greater improvement in activity compared 
to bromine, showing an activity in the submicromolar con-
centration range. Regarding hCoV-229E, the fluorine (8f) 
yielded in the same activity range similar to the 8-chloro 
substitution, while the bromine substituent (8g) dimin-
ished the activity against hCoV-229E when compared to 8a. 
Interestingly, the bioisosteric replacement of the chlorine 
atom at position eight with a methyl group (8h) led to a 

similar activity on both viruses as for the 8-chloro deriva-
tive, while the trifluoromethyl group (8i), decreased the ac-
tivity against RSV tenfold in the first and twofold in the sec-
ond infection round. An activity-decreasing effect of this 
substituent could also be observed for hCoV-229E. 

Additionally, we investigated the effect of more electron-
withdrawing groups such as ester 8j, nitrile 8k and sul-
fonylmethyl functionalized derivative 8l. The ester was 
only accepted in the second infection round showing an ac-
tivity jump between the two RSV infection rounds. But, in-
terestingly, the less bulky nitrile group was more favored 
than the bulky sulfonyl one having a comparable, strong, 
electron-withdrawing impact on the aromatic system. This 
derivative even enhanced the activity of initial hit 8a reach-
ing a similar activity range as the current frontrunner 8f, 
but, unfortunately, showed cytotoxicity. Based on this re-
sult, we assumed that only small functionalities with a weak 
to strong electron-deficient effect are beneficial in position 
eight of the quinazoline to address RSV. To confirm this hy-
pothesis, we also introduced electron-donating groups of 
different strength and size. Small, strong electron-donating 
groups such as hydroxyl (8m) and methoxy groups (8n) led 
to similar or no activity compared to initial hit 8a. Here, it 
can be also concluded that proton-donating functions are 
much less tolerated than proton-accepting ones. Moreover, 
the bulky electron-donating functionalization implement-
ing an aromatic benzyloxy group at position eight (8o) was 
less beneficial but still tolerated against RSV showing that 
there seems to be space for further growing from direction 
eight. The introduction of a flexible electron-donating, but 
also bulky morpholino group (8p) showed a slightly im-
proved activity compared to 8a. Unfortunately, this deriva-
tive was cytotoxic. Furthermore, we analyzed weak elec-
tron-donating groups such as cyclopropyl (8q), phenyl (8r) 
and 4-pyridyl (8s). Compared to starting point 8a, all of 
these modifications were activity-wise tolerated but were 
not superior to the current frontrunner 8f. In general, we 
can conclude that small electron-deficient groups are more 
favored than electron-donating ones in position eight to in-
hibit RSV. Nevertheless, also bulky motifs can be accepted 
at this position depending on their nature. Among the tested 
8-modifications targeting RSV the best one was still fluoro 
derivative 8f. 

We found interesting antiviral-activity shifts between the 
two RSV infection rounds for some of the tested derivatives 
(most prominently for 8j and 8r). In both cases we observed 
a low activity of the compounds in the first-round infection 
assay, and more potency in the second round. The reason 
for this is currently unknown. It is possible that it results 
from preferential inhibition of late replication cycle steps 
such as for instance virus assembly and/or release. Alterna-
tively, it is conceivable that this may result from accumula-
tion of active compound or metabolites over longer periods 
of time. Upon examining the hCoV-229E results, none of the 
8-modified derivatives exhibited improvements in compar-
ison to the initial hit. This observation leads to the assump-
tion that mono-substituted quinazolines are unsuitable mo-
tifs for addressing hCoV-229E. 

In order to investigate the potential synergistic effect of the 
chlorine in positions five and eight against RSV, we focused 
also on di-substituted quinazolines (Table 2). Relocation of 
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RSV HEp-2 hCoV-229E Huh-7.5 

% Inf IC50 [µM] 

% CV 
CC50 
[µM] 

% Inf 
IC50 
[µM] 

% CV 
CC50 

[µM] I II I II 

8a+ 6,8-di-Cl 22 ± 5E 10 ± 2E 3.7 ± 1.1A 1.0 ± 0.3A 104 ± 9D > SSI 20 ± 10I 1.3 ± 0.6A 146 ± 88H > 10 

8b 8-Cl 16 ± 4 9 ± 1A 0.7 0.6 104 ± 2 > SSI 57 ± 20 n. d. 90 ± 6 n. d. 

8c 7-Cl 62 ± 14 35 ± 6A n. d. n. d. 100 ± 5 n. d. 65 ± 25 n. d. 87 ± 6 n. d. 

8d 6-Cl 50 ± 9 24 ± 5A n. d. n. d. 105 ± 7 n. d. 87 ± 25 n. d. 93 ± 3 n. d. 

8e 5-Cl 31 ± 5 15 ± 6A 1.2 1.2 106 ± 3 > SSI 40 ± 17 n. d. 93 ± 3 n. d. 

8f 8-F 15 ± 3 34 ± 40 0.3 0.9 97 ± 4 > 100 61 ± 14 n. d. 195 ± 11 n. d. 

8g 8-Br 15 ± 7 8 ± 1 1.0 0.9 102 ± 5 > 20 42 ± 14 6.4 238 ± 68 > 10 

8h 8-Me 18 ± 8 7 ± 0 0.6 1.0 104 ± 5 > 20 64 ± 12 n. d. 153 ± 31 n. d 

8i 8-CF3 22 ± 14 11 ± 2 3.0 1.9 102 ± 5 > 20 82 ± 16 n. d. 113 ± 17 n. d. 

8j 8-COOMe 71 ± 9 25 ± 10 > 10 2.4 93 ± 4 > 100 72 ± 4 n. d. 88 ± 6 n. d. 

8k 8-CN 12 ± 3 34 ± 36 0.4 0.4 108 ± 17 73.7 83 ± 8 n. d. 162 ± 15 n. d. 

8l 8-SO2Me 67 ± 7 83 ± 17 n. d. n. d. 100 ± 1 n. d. 99 ± 7 n. d. 114 ± 9 n. d. 

8m 8-OH 27 ± 8 27 ± 23 2.4 3.7 102 ± 5 > 20 66 ± 10 n. d. 188 ± 22 n. d. 

8n 8-OMe 70 ± 13 61 ± 13 n. d. n. d. 101 ± 3 n. d. 95 ± 3 n. d. 104 ± 4 n. d. 

8o 

 

63 ± 17 12 ± 9 4.0 4.0 92 ± 3 > 20 74 ± 8 n. d. 114 ± 6 n. d. 

8p 
 

14 ± 4 21 ± 30 1.2 0.6 97 ± 0 88.5 56 ± 8 12.4 160 ± 9 > 10 

8q 8-cycloPr 24 ± 4 1 ± 0 4.6 0.9 96 ± 7 > 20 41 ± 14 9.0 149 ± 29 > 10 

8r 8-Ph 75 ± 5 7 ± 2 
> 10 

(~ 16.3) 
0.4 83 ± 8 > 20 78 ± 11 n. d. 97 ± 11 n. d. 

8s+ 8-(4-Pyr) 8 ± 5 0 ± 0 1.7 0.7 84 ± 5 > 20 42 ± 13 8.0 77 ± 12 > 10 

aInfectivitiy (Inf), cell viability (CV) as well as half-maximal inhibitory (IC50) and cytotoxic concentrations (CC50) of the tested 
compounds are listed. For the RSV assay, the cells were infected in two rounds, round 1 (I) and round 2 (II). If not stated otherwise, 
impact on cell viability of Huh-7.5 cells was determined using FLuc activity measurement. Single-point measurements (counts (n) = 
3) were performed at 10 µM compound concentration, otherwise the counts of experiments are marked according to the following 
legend: A: n = 2, B: n = 4, C: n = 5, D: n = 6, E: n = 7, F: n = 8, G: n = 9, H: n = 10, J: n = 11. Mean values and corresponding standard 
deviations (SD) of these single-point measurements are given. Dose-response analyses were done once if not described differently; 
for their counts the same legend as for the single-point measurements was applied. Furthermore, the following abbreviations were 
used: *: commercial compound; +: impact on viability was determined using MTT assay instead of FLuc activity; S: kinetic solubility 
in µM; SI: see supporting information (Table S45), n. d.: not determined; Ph: phenyl, Pyr: pyridyl, cycloPr: cyclopropyl. 

6-chloro substitution to position five while keeping the sec-
ond chlorine at its original position eight (8t) showed in-
deed a synergistic effect of 5- and 8-chloro-quinazoline sub-
stitutions against RSV. To explore additional impacts of 

was found that the original position eight (8z) was still the 

preferred chlorine direction compared to position seven 
(8u). Additional tendencies could be observed by the 8-
chlorine-methyl-replacement retaining the original 6-chlo-
rine substitution (8v), since this inhibitor was less active. 
Replacing both initial chlorine atoms bioisosterically in a 
separate (8v w) or simultaneous manner (8x) with methyl 

Table 1. Activity and cell viability profiles of derivatives with mono-substituted quinazoline modifications compared 
to initial hit compound 8a.a 
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RSV HEp-2 hCoV-229E Huh-7.5 

% Inf IC50 [µM] 

% CV 
CC50 
[µM] 

% Inf 
IC50 
[µM] 

% CV 
CC50 

[µM] I II I II 

8a 6,8-di-Cl 22 ± 5E 10 ± 2E 3.7 ± 1.1A 1.0 ± 0.3A 104 ± 9D > SSI 20 ± 10I 1.3 ± 0.6A 
146 ± 88

H > 10 

8t 5,8-di-Cl 12 ± 5 3 ± 0 0.3 0.3 102 ± 6 > 20 72 ± 15 n. d. 177 ± 33 n. d. 

8u 5,7-di-Cl 40 ± 12 13 ± 9 4.3 1.3 103 ± 3 > 20 65 ± 11 n. d. 199 ± 40 n. d. 

8v 6-Cl-8-Me 36 ± 22 38 ± 8 n. d. n. d. 105 ± 8 n. d. 40 ± 17 3.0 207 ± 28 > 10 

8w 6-Me, 8-Cl 28 ± 4 14 ± 3 1.3 0.7 107 ± 5 > 20 17 ± 6 1.6 285 ± 79 > 10 

8x 6,8-di-Me 31 ± 9 14 ± 1 2.7 0.9 105 ± 5 > 20 22 ± 10 2.1 247 ± 76 > 10 

bInfectivity (Inf), cell viability (CV) as well as half-maximal inhibitory (IC50) and cytotoxic concentrations (CC50) of the tested com-
pounds are listed. For the RSV assay the cells were infected in two rounds, round 1 (I) and round 2 (II). If not stated otherwise, 
impact on cell viability of Huh-7.5 cells was determined using FLuc activity measurement. Single-point measurements (counts (n) = 
3) were performed at 10 µM compound concentration, otherwise the counts of experiments are marked according to the following 
legend: A: n = 2, B: n = 4, C: n = 5, D: n = 6, E: n = 7, F: n = 8, G: n = 9, H: n = 10, J: n = 11. Mean values and corresponding standard 
deviations (SD) of these single-point measurements are given. Dose-response analyses were done once if not described differently; 
for their counts the same legend as for the single-point measurements was used. Furthermore, the following abbreviations were 
used: *: commercial compound; +: impact on viability was determined using MTT assay instead of FLuc activity; S: kinetic solubility 
in µM; SI: see supporting information (Table S45), n. d.: not determined. 

 

RSV HEp-2 hCoV-229E Huh-7.5 

% Inf IC50 [µM] 

% CV 
CC50 
[µM] 

% Inf 
IC50 
[µM] 

% CV 
CC50 

[µM] I II I II 

8a+ 
 

22 ± 5E 10 ± 2E 3.7 ± 1.1A 1.0 ± 0.3A 104 ± 9D > SSI 20 ± 10I 1.3 ± 0.6A 146 ± 88H > 10 

9a+ 
 

93 ± 14 41 ± 16A n. d. n. d. 96 ± 2 n. d. 3 ± 1 0.08 84 ± 6 > 10 

9b+ 
 

29 ± 24 0 ± 0A 8.00 1.54 71 ± 6 58.4 7 ± 2 1.73 69 ± 4 > 10 

9c 
 

78 ± 9 72 ± 47 n. d. n. d. 94 ± 2 n. d. 103 ± 4 n. d. 121 ± 16 n. d. 

cInfectivity (Inf) and cell viability (CV) as well as half-maximal inhibitory (IC50) and cytotoxic concentrations (CC50) of the tested 
compounds are listed. For the RSV assay the cells were infected in two rounds, round 1 (I) and round 2 (II). If not stated otherwise, 
impact on cell viability of Huh-7.5 cells was determined using FLuc activity measurement. Single-point measurements (counts (n) = 
3) were performed at 10 µM compound concentration, otherwise the counts of experiments are marked according to the following 
legend: A: n = 2, B: n = 4, C: n = 5, D: n = 6, E: n = 7, F: n = 8, G: n = 9, H: n = 10, J: n = 11. Mean values and corresponding standard 
deviations (SD) of these single-point measurements are given. Dose-response analyses were done once if not described differently; 
for their counts the same legend as for the single-point measurements was used. Furthermore, the following abbreviations were 
used: *: commercial compound; +: impact on viability was determined using MTT assay instead of FLuc activity; S: kinetic solubility 
in µM; SI: see supporting information (Table S45); n. d.: not determined. 

Table 2. Activity and cell viability profiles of quinazoline modifications with di-substitution patterns compared to 
initial hit 8a.b 

Table 3. Activity and cell viability profiles of linker modifications compared to initial hit 8a.c 
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groups, decreased (8v), improved (8w) or kept the original 
activity (8x) of hit 8a. Additionally, the bio-isosteric re-
placements (8v x) retained the original dual inhibitory ef-
fect. That derivative 8v was not as active as 8w and 8x on 
RSV underlines the afore discussed importance of an elec-
tron-deficient group at position eight. 

Since positions five and seven were  besides position eight 
 the most favorable mono-chloro substitution patterns 

against hCoV-229E, we tested both combinations, 5,8- and 
5,7-dichloro derivatives (8t u, Table 2). Unexpectedly, the 
relocation of the initial 6-chlorine atom to position five (8t) 
abrogated the antiviral activity and also the 5,7-dichloro de-
rivative (8u) showed no viral inhibitory effect indicating 
that the 6-chloro substitution is essential for the activity 
against the coronavirus. Bioisosteric replacements of the 
original chlorine atoms (8v x) were  in comparison to 8a 

 in general tolerated, but position eight (8v) seems to be 
more sensitive to this modification resulting in a slightly de-
creased activity against hCoV-229E compared to deriva-
tives 8w and 8x. Based on these results, it can be inferred 
that both chlorine substituents are replaceable with methyl 
groups and retained the initial dual inhibitory character, for 
compound 8x even with similar activity compared to start-
ing point 8a. 

Following the comprehensive analysis of the quinazoline 
moiety, we proceeded to modify the linker part as well. In-
troducing a sulfide linker (9a, Table 3) resulted in a signifi-
cant decrease in activity against RSV, with no observed cy-
totoxicity at a compound concentration of 10 µM. However, 
this modification greatly improved the inhibition of hCoV-
229E, yielding a highly active inhibitor of 80 nM activity. The 
introduction of an amine linker (9b) resulted in a notable 
shift in activity between the two rounds of RSV infection, 
and was found to be effective against hCoV-229E but it also 
showed increased cytotoxicity. To potentially reduce this 
cytotoxicity, enhance solubility and assess the significance 
of linker flexibility, we replaced the amine linker with an 
amide function (9c). Unfortunately, this modification led to 
a loss of activity against both viruses, RSV and hCoV-22E. 

Lastly, we modified the benzyl moiety of our initial hit 8a. 
In order to assess the acceptance and functionality of spe-
cific moieties in this part, we initially tested readily accessi-
ble compounds with mono-substituted benzyl groups (Ta-
ble 4) while keeping the remaining part of the molecule con-
stant. As a reference point, we selected the simplified deriv-
ative 10a, lacking both functionalities, the 2-methoxy and 
the 5-acetyl group. This simplification resulted in a decrease 
of activity against both RSV and hCoV-229E viruses. Follow-
ing the aforementioned simplification, we analyzed the im-
pact of different substitution patterns on the benzylic moi-
ety, specifically examining ortho-, meta-, and para-substitu-
tion patterns. For the ortho-substitution patterns (10b k, 
Table 4), we observed, that a removal of the 5-acetyl group 
while only retaining the 2-methoxy group (10b) led to a loss 
of RSV inhibition, whereas it was tolerated in terms of 
hCoV-229E inhibition. 

Generally, ortho-decorated benzyl derivatives were less ac-
cepted for RSV inhibition than the initial di-substitution pat-
tern of 8a. However, certain tendencies regarding RSV inhi-
bition were noted: The elongation of the methoxy group 
(10c) as well as its replacement by an electron-deficient 

acetyl (10d) or electron-donating ethyl group (10e) in or-
tho-position showed similar results compared to the initial 
methoxy group (10b). But, electron-deficient functionali-
ties such as fluorine (10f) and bromine (10g) as well as 
more bulky motifs such as phenyl (10j) and 3-pyridyl (10k) 
led to improvements in activity. Notably, the most signifi-
cant increase in activity compared to the mono-substituted 
methoxy derivative 10b was observed for the introduction 
of the 3-pyridyl group (10k), although this compound was 
less active than our starting point 8a. Furthermore, we dec-
orated the benzyl moiety with methyl ester (10h) and car-
boxy group (10i). Unfortunately, these moieties did not 
show any enhancement in RSV activity. 

For hCoV-229E, we observed that simplification of the 
methoxy group (10b) to a weaker electron-donating ethyl 
moiety (10e) led to an activity loss. Keeping the electron-
deficient acetyl group (10d) impaired the activity as well. 
The introduction of halogens such as fluorine (10f) and bro-
mine (10g) exhibited lower acceptance compared to the 
methoxy group. However, it is worth noting that bromine 
was more tolerated than fluorine, displaying a decrease in 
activity within a similar range as the acetyl group (10d). A 
similar trend could be observed with methyl ester (10h) 
and carboxy group (10i). Furthermore, aromatic systems 
such as phenyl (10j) and 3-pyridyl (10k) were introduced 
in 2-position, but were also not tolerated. Based on these 
results, we concluded that probably only very small elec-
tron-donating groups are favored in ortho-position to ad-
dress hCoV-229E. A clear differentiation between the pro-
file of RSV- and 22E-targeting compounds became clear also 
here. Taking the meta-mono-substitutions of the benzyl 
moieties (10l n, Table 4) into account, we observed that the 
highest RSV inhibition was obtained for the electron-donat-
ing methoxy group (10m) compared to unsubstituted ben-
zyl derivative 10a. Notably, excluding the ortho-methoxy 
group while retaining the electron-withdrawing meta-ace-
tyl group (10l) resulted in a complete loss of activity against 
RSV. For CoV-229E, the methoxy group showed the most 
promising results of the meta-substituents and was even 
more favored than the unsubstituted compound 10a, alt-
hough the ortho-direction (10b) was slightly more benefi-
cial. Conversely, the introduction of an electron-deficient 
carboxy group in meta-position (10n) was unfavorable for 
both viruses. Furthermore, a couple of para-substituted 
benzylic modifications were tested (10o w, Table 4). 
Among them, the derivative featuring a nitrile group (10u) 
emerged as the most beneficial in terms of addressing RSV. 
Regarding the hCoV-229E results, it is noteworthy that the 
methyl group (10s) in this position was well tolerated even 
in the absence of an ortho-methoxy group. Moreover, the 
methyl group was significantly more beneficial than its bi-
oisostere chlorine (10p) which can be attributed to its elec-
tron-donating character since all other substituents with 
electron-withdrawing (10u q, 10t w) or strong electron-
donating (10r) properties were less favored. 

In parallel to the mono-substitution studies, we also ana-
lyzed di-substituted benzyl derivatives aiming at a deeper 
SAR study and gaining ideas for further benzylic optimiza-
tions. Thereby, we simplified each original functionality 
separately and investigated position-dependent synergistic 
effects of the original di-substitution pattern present in 
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RSV HEp-2 hCoV-229E Huh-7.5 

% Inf IC50 [µM] 

% CV 
CC50 
[µM] 

% Inf 
IC50 
[µM] 

% CV 
CC50 

[µM] I II I II 

8a+ 2-OMe, 5-
Ac 

22 ± 5E 10 ± 2E 3.7 ± 1.1A 1.0 ± 0.3A 104 ± 9D > SSI 20 ± 10I 1.3 ± 0.6A 146 ± 88H > 10 

10a* - 58 ± 23 37 ± 24 n. d. n. d. 94 ± 4 n. d. 41 ± 8C n. d. 92 ± 7B n. d. 

10b+ 2-OMe 96 ± 21 68 ± 33A n. d. n. d. 100 ± 2 n. d. 2 ± 1 2.1 95 ± 4 > 10 

10c 
2-(O(CH2)2 

OCH3) 
64 ± 11P 54 ± 29P n. d. n. d. 91 ± 11P n. d. 35 ± 10P 3.2 230 ± 32P > 5P 

10d 2-Ac 76 ± 36 55 ± 8 n. d. n. d. 100 ± 5 n. d. 42 ± 15 9.8 220 ± 47 > 10 

10e 2-Et 73 ± 29 63 ± 5 > 5P > 5P 98 ± 2 > 5P 66 ± 11 n. d. 199 ± 35 n. d. 

10f* 2-F 59 ± 4 31 ± 10 n. d. n. d. 91 ± 4 n. d. 35 ± 8 5.6 109 ± 27 > 10 

10g 2-Br 72 ± 8 45 ± 27 n. d. n. d. 98 ± 4 n. d. 81 ± 11 n. d. 244 ± 20 n. d. 

10h 2-COOMe 53 ± 37P 51 ± 40P n. d. n. d. 89 ± 12P n. d. 83 ± 14P n. d. 154 ± 17P n. d. 

10i 2-COOH 87 ± 28 125 ± 16 n. d. n. d. 100 ± 3 n. d. 101 ± 3 n. d. 114 ± 6 n. d. 

10j 2-Ph 50 ± 13 44 ± 10 > 5P > 5P 95 ± 6P > 5P 79 ± 9P n. d. 128 ± 13P n. d. 

10k 2-(3-Pyr) 39 ± 4 8 ± 2 ~6.1 1.8 101 ± 3 > 20 70 ± 9 n. d. 159 ± 30 n. d. 

10l 3-Ac 129 ± 10 62 ± 25 n. d. n. d. 105 ± 10 n. d. 74 ± 19 n. d. 92 ± 12 n. d. 

10m*+ 3-OMe 57 ± 19 38 ± 23 n. d. n. d. 97 ± 7 n. d. 18 ± 5C 3.1 94 ± 7b > 10 

10n 3-COOH 126 ± 2 108 ± 39A n. d. n. d. 100 ± 11 n. d. 117 ± 22 n. d. 100 ± 3 n. d. 

10o 4-F 87 ± 2P 88 ± 15P n. d. n. d. 96 ± 10P n. d. 49 ± 13P 7.8 256 ± 44P > 5P 

10p 4-Cl 94 ± 2P 120 ± 22P n. d. n. d. 85 ± 5P n. d. 85 ± 5P > 5P 96 ± 10P > 5P 

10q* 4-Br 72 ± 15 73 ± 18 n. d. n. d. 67 ± 2 n. d. 45 ± 12C n. d. 85 ± 11B n. d. 

10r 4-OMe 90 ± 9 113 ± 28 n. d. n. d. 101 ± 3 n. d. 83 ± 6 n. d. 162 ± 15 n. d. 

10s 4-Me 86 ± 59P 83 ± 7P > 5P > 5P 83 ± 9P > 5P 23 ± 9P 1.7 272 ± 49P > 5P 

10t 4-CF3 79 ± 5P 107 ± 26P n. d. n. d. 94 ± 10P n. d. 58 ± 33P n. d. 171 ± 59P n. d. 

10u* 4-CN 59 ± 14 38 ± 26 n. d. n. d. 101 ± 5 n. d. 67 ± 17C n. d. 103 ± 5B n. d. 

10v* 4-COOH 77 ± 26 66 ± 38 n. d. n. d. 96 ± 4 n. d. 97 ± 9C n. d. 98 ± 8B n. d. 

10w* 4-COOMe 120 ± 9 110 ± 24 n. d. n. d. 98 ± 2 n. d. 93 ± 7 n. d. 111 ± 20 n. d. 

dInfectivity (Inf) and cell viability (CV) as well as half-maximal inhibitory (IC50) and cytotoxic concentrations (CC50) of the tested 
compounds are listed. For the RSV assay the cells were infected in two rounds, round 1 (I) and round 2 (II). If not stated otherwise, 
impact on cell viability of Huh-7.5 cells was determined using FLuc activity measurement. Single-point measurements (counts (n) = 
3) were performed at 10 µM compound concentration, otherwise the counts of experiments are marked according to the following 
legend: A: n = 2, B: n = 4, C: n = 5, D: n = 6, E: n = 7, F: n = 8, G: n = 9, H: n = 10, J: n = 11. Mean values and corresponding standard 
deviations (SD) of these single-point measurements are given. Dose-response analyses were done once if not described differently; 
for their counts the same legend as for the single-point measurements was used. Furthermore, the following abbreviations were 
used: *: commercial compound; +: impact on viability was determined using MTT assay instead of FLuc activity; S: kinetic solubility 
in µM; SI: see supporting information (Table S45); n. d.: not determined; P: Precipitation at 10 µM, measurement at 5 µM compound 
concentration in this and further analyses. 

Table 4. Activity and cell viability profiles of mono-substituted and simplified benzyl changes compared to initial hit 
8a.d 
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RSV HEp-2 hCoV-229E Huh-7.5 

% Inf IC50 [µM] 

% CV CC50 
[µM] 

% Inf IC50 
[µM] 

% CV CC50 

[µM] I II I II 

8a+ 
2-OMe, 

3-Ac 
22 ± 5E 10 ± 2E 3.7 ± 1.1A 1.0 ± 0.3A 104 ± 9D > SSI 20 ± 10I 1.3 ± 0.6A 146 ± 88H > 10 

10x 
2-OMe, 

5-Et 63 ± 23 48 ± 46 n. d. n. d. 90 ± 12 n. d. 29 ± 10 5.4 273 ± 27 > 10 

10y 2-Et, 
5-Ac 

56 ± 11 32 ± 12 n. d. n. d. 103 ± 2 n. d. 44 ± 6 n. d. 233 ± 45 n. d. 

10z 
2-OMe, 

3-Ac 
91 ± 19 48 ± 37 n. d. n. d. 99 ± 3 n. d. 86 ± 8 n. d. 170 ± 10 n. d. 

10aa 
2-OMe, 

4-Ac 
62 ± 12 8 ± 0 

> 10 
~ 13.3 

2.1 103 ± 4 > 20 31 ± 11 4.9 193 ± 58 > 10 

10ab 
2-OMe, 

6-Ac 
109 ± 50 42 ± 13 n. d. n. d. 101 ± 5 n. d. 49 ± 11 n. d. 267 ± 53 n. d. 

10ac 
3-OMe, 

5-Ac 81 ± 22 48 ± 12 n. d. n. d. 105 ± 5 n. d. 46 ± 9 n. d. 277 ± 50 n. d. 

10ad 4-OMe, 
5-Ac 

78 ± 8 49 ± 1 n. d. n. d. 101 ± 4 n. d. 29 ± 6 2.7 211 ± 44 > 10 

eInfectivity (Inf) and cell viabilitiy (CV) as well as half-maximal inhibitory (IC50) and cytotoxic concentrations (CC50) of the tested 
compounds are listed. For the RSV assay the cells were infected in two rounds, round 1 (I) and round 2 (II). If not stated otherwise, 
impact on cell viability of Huh-7.5 cells was determined using FLuc activity measurement. Single-point measurements (counts (n) = 
3) were performed at 10 µM compound concentration, otherwise the counts of experiments are marked according to the following 
legend: A: n = 2, B: n = 4, C: n = 5, D: n = 6, E: n = 7, F: n = 8, G: n = 9, H: n = 10, J: n = 11. Mean values and corresponding standard 
deviations (SD) of these single-point measurements are given. Dose-response analyses were done once if not described differently; 
for their counts the same legend as for the single-point measurements was used. Furthermore, the following abbreviations were 
used: *: commercial compound; +: impact on viability of Huh-7.5 was determined using MTT assay instead of FLuc activity; S: kinetic 
solubility in µM; SI: see supporting information (Table S45); n. d.: not determined; Ph: phenyl, Pyr: pyridyl.

initial hit compound 8a (Table 5). First, we checked rele-
vance of oxygen atoms for the activity and replaced the cor-
responding functionalities consecutively by an ethyl group 
(10x and 10y). In both cases, we figured out that the oxygen 
is important for the activity either because of electronic or 
proton-accepting reasons. In accordance to the results from 
the ortho- and meta-mono-substitutions, the first reason is 
the more probable one. Next, we performed a scrambling of 
the acetyl and methoxy group keeping constant the respec-
tive other group to evaluate the most promising directions 
for di-substitution patterns (10z 10ad, Table 5). This anal-
ysis led to the result, that the original 2-methoxy-5-acetyl-
substitution pattern (8a) is the most favored one to address 
RSV. For hCoV-229E, we observed that all these tested com-
binations of the acetyl-methoxy-scrambling were less active 
than the starting point, but did not lead to such a clear disac-
ceptance as against RSV. This finding speaks for a stronger 
direct interaction on RSV than on hCoV-229E and under-
lined the announced differentiated profile of RSV and hCoV-
229E. 

Taking our knowledge from the mono- and di-substitution 
studies into account, we created a couple of combi-deriva-
tives around the benzylic moiety (Table 6). 

To address RSV selectively, we used the observed activity-
improving tendency from the mono-substitution patterns 
(see Table 4) for the design of a di-substitution pattern. 
Since the 3-pyridyl group in position two of the benzylic 
moiety was the most promising one among the 2-modifica-
tions, we combined this functionality with the original ace-
tyl group (10ae, Table 5). Unfortunately, this combi-deriva-
tive was inactive either because the additional 5-acteyl 
group is not accepted in a different mode of action that was 
maybe induced by the 3-pyrodinyl group (10k) or because 
tendencies of mono-substitution patterns cannot be trans-
lated to di-substitution patterns. Furthermore, we investi-

that showed promising tendencies in single-substitution 
patterns against hCoV-229E. Adding a second methoxy 
group in 6-position (10ab) to the 2-methoxy-substituted 
derivative 10b resulted in no improvement compared to 
the mono-substituted version. Instead, the 229E selective 
profile was even weaker for compound 10ab than for 10b. 

Table 5. Activity and cell viability profiles of di-substituted benzyl modifications compared to initial hit 8a.e 
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RSV HEp-2 hCoV-229E Huh-7.5 

% Inf IC50 [µM] 
% CV CC50 

[µM] 
% Inf IC50 

[µM] 
% CV CC50 

[µM] I II I II 

8a+ 2-OMe, 
3-Ac 

22 ± 5E 10 ± 2E 3.7 ± 1.1A 1.0 ± 0.3A 104 ± 9D > SSI 20 ± 10I 1.3 ± 0.6A 146 ± 88H > 10 

10ae 
2-

(3-Pyr), 
5-Ac 

53 ± 8 63 ± 34 n. d. n. d. 101 ± 1 n. d. 91 ± 2 n. d. 119 ± 5 n. d. 

10af 
L = O, 

2-OMe, 
6-OMe 

63 ± 20 40 ± 4 n. d. n. d. 100 ± 5 n. d. 18 ± 11 1.9 374 ± 94 > 10 

10ag 

 

86 ± 27 65 ± 8 n. d. n. d. 87 ± 6 n. d. 15 ± 9 0.7 307 ± 79 > 10 

10b2 
L = S, 

2-OMe 
61 ± 11 35 ± 10 n. d. n. d. 93 ± 2 n. d. 1 ± 0 0.3 333 ± 50 > 10 

fInfectivity (Inf) and cell viability (CV) as well as half-maximal inhibitory (IC50) and cytotoxic concentrations (CC50) of the tested 
compounds are listed. For the RSV assay the cells were infected in two rounds, round 1 (I) and round 2 (II). If not stated otherwise, 
impact on cell viability of Huh-7.5 cells was determined using FLuc activity measurement. Single-point measurements (counts (n) = 
3) were performed at 10 µM compound concentration, otherwise the counts of experiments are marked according to the following 
legend A: n = 2, B: n = 4, C: n = 5, D: n = 6, E: n = 7, F: n = 8, G: n = 9, H: n = 10, J: n = 11. Mean values and corresponding standard 
deviations (SD) of these single-point measurements are given. Dose-response analyses were done once if not described differently; 
for their counts the same legend as for the single-point measurements was used. Furthermore, the following abbreviations were 
used: *: commercial compound; +: impact on viability of Huh-7.5 was determined using MTT assay instead of FLuc activity; S: kinetic 
solubility in µM; SI: see supporting information (Table S45); n. d.: not determined.

Since positions two and three were accepted for the meth-
oxy group (see derivatives 10b and 10m, Table 4) a com-
bined derivative was created having a rigid, cyclic di-
methoxy moiety (10am, Table 6). This compound showed a 
slight improvement in terms of anti-hCoV-229E activity 
compared to the mono-substituted 2-methoxy analogue 
10b and preserved its selective profile. Merging the prom-
ising thio-linker with the 2-methoxy-mono-substituted ben-
zyl derivative (10b2) confirmed the strong influence of the 
sulfide on hCoV-229E since it led to an improved activity to-
wards starting point 8a but did not overcome 229E front-
runner 9a. Therefore, we excluded an additive SAR at this 
point. 

SARS-CoV-2 activity. To evaluate the potential inhibitory 
effects of the most promising hCoV-229E inhibitors, includ-
ing the initial hit 8a, against SARS-CoV-2, we conducted 
tests on Calu-3 cells infected with SARS-CoV-2. Unfortu-
nately, our findings revealed that neither the dual 
RSV/hCoV-229E inhibitor 8a nor its highly active analogue 
9a, which is selective for hCoV-229E, exhibited efficacy 
against the novel coronavirus (data not shown). Neverthe-
less, this scaffold presents an intriguing avenue for the de-
velopment of inhibitors targeting other coronaviruses. 

 

Absorption, distribution, metabolism, and excretion 
(ADME) studies. In order to assess the concentration limits 
of the compounds for conducting the biological assays, as 
well as their solubility as a physicochemical property within 
the multiparametric optimization approach, we determined 
the kinetic solubilities of all substances tested in this study 
(Tables S45-S50). 

The solubility results of selective RSV inhibitors that 
reached an infection maximum of 25% are additionally 
summarized and compared to parent compound 8a in Ta-
ble 7. Interestingly, two (8f and 8k) of our three (8f, 8k and 
8t) most active RSV inhibitors showed improved solubility 
of more than 100 µM in 1% DMSO/PBS. Since 8f was in con-
trast to 8k not cytotoxic on HEp-2 cells, this selective inhib-
itor turned out to be the most promising one in terms of four 
optimization parameters: activity, cytotoxicity, selectivity, 
and solubility. 

Furthermore, we conducted a more detailed examination of 
the selective hCoV-229E inhibitors (see Table 8). Regretta-
bly, the most active compounds (9a, 10b2, and 10ag) ex-
hibited even poorer solubility compared to the starting 
point 8a. Notably, none of the selective hCoV-229E inhibi-
tors demonstrated improved solubility. 

 

Table 6. Activity and cell viability profiles of combi derivatives from most promising mono-substitution patterns 
compared to initial hit 8a.f 
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Cp 

RSV HEp-2 
S 

[µM] 

IC50 [µM] CC50 
[µM] 

1% 
DMSO/ PBS I II 

8a 3.7 ± 1.1A 1.0 ± 0.3A > S 62 ± 19 

8b 0.7 0.6 > S 58 ± 1 

8e 1.2 1.2 > S 54 ± 9 

8f 0.3 0.9 > 100 > 100 

8h 0.6 1.0 > 20 57 ± 5 

8i 3.0 1.9 > 20 33 ± 2 

8m 2.4 3.7 > 20 55 ± 26 

8o 4.0 4.0 > 20 53 ± 9 

8j > 10 2.4 > 100 > 100 

8k 0.4 0.4 73.7 > 100 

8r > 10 
(~ 16.3) 

0.4 > 20 35 ± 2 

8t 0.3 0.3 > 20 37 ± 17 

8u 4.3 1.3 > 20 41 ± 2 

10k ~6.1 1.8 > 20 60 ± 9 

gHalf-maximal inhibitory (IC50) and cytotoxic concentrations 
(CC50) as well as kinetic solubilities (S) of the tested compounds 
(Cp) are listed. The cells were infected in two rounds, round 1 
(I) and round 2 (II). Solubility experiments were performed in 
triplicates (n = 3), otherwise the count of experiments is 
marked with A for n = 2. Mean values and corresponding stand-
ard deviations (SD) of the experiments are given. Dose-re-
sponse analyses were done once if not described differently; 
for their counts the same legend as described beforehand was 
applied. Furthermore, the following abbreviations were used: 
*: commercial compound. 

Regarding the dual RSV/hCoV-229E inhibitors (Table 9) we 
unexpectedly enhanced the solubility by substituting both 
chlorine atoms with methyl groups (8x). This improved sol-
ubility can be attributed to the disruption of molecular pla-
narity, resulting in easier disruption of crystal packing and 
consequently increasing the compounds' solubility.36,37 De-
spite the improved solubility, the derivative exhibited re-
tained activity against RSV and a slightly impaired inhibi-
tory effect on hCoV-229E compared to the initial hit 8a. 
Thus, it can be regarded as an optimized dual inhibitor. Ad-
ditionally, compound 9b, which maintained activity against 
hCoV-229E, exhibited higher solubility than the starting 
point due to the presence of an amine function substituting 
the initial ether linkage. 

Cp 

hCoV-
229E 

Huh-
7.5 

S 
[µM] 

IC50 
[µM] 

CC50 

[µM] 
1% 

DMSO/ PBS 

8a+ 1.3 ± 0.6A > 10 62 ± 19 

8v 3.0 > 10 50 ± 6C 

9a+ 0.08 > 10 17 ± 4 

10b+ 2.1 > 10 32 ± 11 

10m*+ 3.1 > 10 22 ± 2 

10p 7.0 > 5 18 ± 4 

10s 1.7 > 5 12 ± 6 

10x 5.4 > 10 34 ± 7 

10af 1.9 > 10 21 ± 1 

9a 0.08 > 10 17 ± 4 

10b2 0.3 > 10 24 ± 10 

10ag 0.7 > 10 21 ± 2 

hHalf-maximal inhibitory (IC50) and cytotoxic concentrations 
(CC50) as well as kinetic solubilities (S) of the tested compounds 
(Cp) are listed. The cells were infected in two rounds, round 1 
(I) and round 2 (II). If not stated otherwise, impact on cell via-
bility of Huh-7.5 cells was determined using FLuc activity 
measurement. Solubility experiments were performed in trip-
licates (n = 3), otherwise the counts of experiments are marked 
according to the following legend: A: n = 2, C: n = 4.. Mean values 
and corresponding standard deviations (SD) of the experi-
ments are given. Dose-response analyses were done once if not 
described differently; for their counts the same legend as de-
scribed beforehand was applied. Furthermore, the following 
abbreviations were used: *: commercial compound; +: impact 
on viability of Huh-7.5 was determined using MTT assay in-
stead of FLuc activity. 

Metabolic stability. In our ADME studies, we examined the 
metabolic stability of the most active compounds against 
RSV and hCoV-229E, in addition to the solubility optimiza-
tion parameter. These analyses were performed using 
mouse liver S9 fractions, and the results are presented in 
Tables S7 9. To facilitate the comparison of our initial front-
runners, namely compounds 8f, 8t, 8k, 9a, 10b2, 10ag, and 
8x, we have summarized their respective metabolic stabil-
ity results in Table 10. 

The analysis conducted revealed that most of the quinazo-
line-modified RSV inhibitors exhibited higher metabolic 
stability compared to the initial hit (refer to Table S51). No-
tably, the mono-cyano-substituted analogue 8k demon-
strated the highest metabolic stability.

Table 7. Kinetic solubilities (S) and activity/cell viabil-
ity profiles of selective RSV inhibitors compared to ini-
tial dual RSV/hCoV-229E inhibitor 8a.g 

Table 8. Kinetic solubilities (S) and activity/cell viabil-
ity profiles of selective hCoV-229E inhibitors compared 
to initial dual RSV/hCoV-229E inhibitor 8a.h 
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Cp 

RSV HEp-2 
hCoV-
229E 

Huh-
7.5 

S 
[µM] 

IC50 [µM] 
CC50 
[µM] 

IC50 
[µM] 

CC50 

[µM] 

1% 
DMSO/ 

PBS I II 

8a+ 3.7 ± 1.1A 1.0 ± 0.3A > S 1.3 ± 0.6A > 10 62 ± 19 

8g 1.0 0.9 > 20 6.4 > 10 41 ± 10 

8p 1.2 0.6 88.5 12.4 > 10 > 100 

8q 4.6 0.9 > 20 9.0 > 10 27 ± 4 

8s+ 1.7 0.7 > 20 8.0 > 10 32 ± 5 

8w 1.3 0.7 > 20 1.6 > 10 66 ± 2 

8x 2.7 0.9 > 20 2.1 > 10 > 100B 

9b+ 8.00 1.54 58.4 1.73 > 10 > 100 

10aa > 10 
~ 13.3 

2.1 > 20 4.9 > 10 26 ± 6 

iHalf-maximal inhibitory (IC50) and cytotoxic concentrations (CC50) as well as kinetic solubilities (S) of the tested compounds (Cp) 
are listed. The cells were infected in two rounds, round 1 (I) and round 2 (II). If not stated otherwise, impact on cell viability of Huh-
7.5 cells was determined using FLuc activity measurement. Solubility experiments were performed in triplicates (n = 3), otherwise 
the count of experiments is marked with A for n = 2. Mean values and corresponding standard deviations SD of these single-point 
measurements are given. Dose-response analyses were done once if not described differently; for their counts the same legend as 
described beforehand was applied. Furthermore, the following abbreviations were used: *: commercial compound; +: impact on via-
bility of Huh-7.5 was determined using MTT assay instead of FLuc activity

Cp 
t1/2 

[min] 
Clint 

[µL/mg/min] 

8a 3.4 ± 0.3 203.0 ± 15.0 

Selective RSV inhibitors 

8f 24.8 ± 4.7 28.6 ± 5.4 

8k 55.9 ± 6.7 12.5 ± 1.6 

8t 11.0 ± 1.2 63.7 ± 7.1 

Selective hCoV-229E inhibitors 

9a 7.1 ± 0.7 98.6 ± 10.2 

10b2 9.9 ± 6.2 88.0 ± 55.0 

10ag 5.9 ± 0.4 118.0± 6.6 

Dual RSV/hCoV-229E inhibitor 

8x 7.0 ± 0.4 99.8 ± 3.1 

aHalf-life (t1/2) and intrinsic clearance (Clint) of the tested 
compounds (Cp) are listed. Duplicates were performed. Mean 
values and corresponding SD are given. 

However, this compound was found to be cytotoxic. There-
fore, we designated RSV inhibitor 8f as the primary 

frontrunner in this study due to its improved activity 
against RSV, good cell viability, selectivity towards hCoV-
229E, high solubility, and moderate yet enhanced metabolic 
stability. For the selective and highly active hCoV-229E in-
hibitor 9a, only a minimal improvement in metabolic stabil-
ity was achieved by introducing the thioether moiety, as this 
functional group can be susceptible to oxidation and thus 
decrease metabolic stability.38 In our efforts to address the 
issues of poor solubility and metabolic stability, we at-
tempted to convert the thioether moiety to a sulfonyl group. 
However, the desired product could not be obtained in suf-
ficient quantities at this stage and requires further investi-
gation. Our attempts to use oxone® as an oxidation reagent 
resulted in product degradation, and isolation of the desired 
product was not achieved even with meta-chloroperoxy-
benzoic acid (mCPBA, data not shown). Additionally, com-
pound 10f (Table S53), which features a 2-mono-substi-
tuted fluorine benzyl pattern, exhibited high metabolic sta-
bility. Unfortunately, this derivative was only moderately 
active against hCoV-229E. Nevertheless, the motif observed 
in compound 10f can serve as inspiration for enhancing the 
metabolic stability of our inhibitors in future studies as flu-
orine has been described to enhance metabolic stability.39 
The dual RSV/hCoV-229E inhibitor 8x exhibited two-fold 
improved metabolic stability compared to the starting point 
8a, but it still demonstrated poor metabolic stability and re-
quires further optimization in future investigations. 

Table 9. Kinetic solubilities (S) of dual hCoV-229E/RSV inhibitors compared to dual RSV/hCoV-229E inhibitor 8a.i 

Table 10. Metabolic stability of most promising selec-
tive and dual inhibitors against RSV and hCoV-229E. 
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Scheme 1. Reagents and conditions to modify quinazoline in single-molecule syntheses.

(a1) formamide/acetic acid (v/v: 10:1), 150 °C, overnight (o/n), closed vessel (c. v.), 35 98%; (a2) methyl iodide (MeI), K2CO3, di-
methylformamide (DMF), room temperature (r. t.), o/n, 68%; (b1) 3-(chloromethyl)-4-methoxy acetophenone, K2CO3, acetonitrile 
(MeCN), reflux, 2 h o/n, c. v., 47 91%; (b2) 3-(chloromethyl)-4-methoxy acetophenone, K2CO3, DMF, r. t., o/n, 17 19%. (c) MeI, 
K2CO3, DMF, r. t., o/n, 23%; (d) Morpholine (4.0 equiv), 120 °C, c. v., o/n, 5%; (e) Zn(CN)2 (3.0 equiv), [Pd(PPh3)4] (10 mol%), DMF, 
100 °C, 1 d, 7%; (f) Cu2O (10 mol%), NatBuO (3 equiv), dimethyl sulfoxide (DMSO), acetylacetone, 7%; (g1) K3PO4, [Pd(OAc)2], PCy3, 
toluene/H2O (100:1), 100 °C, 73%; (g2) K2CO3, [Pd(PPh3)4] (5 mol%), 1,4-dioxane/H2O (6:1), 100 °C, 8 17%.

Scheme 2. Reagents and conditions for the syntheses of linker modifications.

(a 3-(chloromethyl)-4-methoxy acetophenone, K2CO3, MeCN, reflux, o/n, 
c. v., 73%; (c) SOCl2, DMFcat., reflux, 2 h, crude; (d) NH3 (7 N in methanol (MeOH)), mw, standard method, 50 °C, 2 h, crude; (e) Cs2CO3, 
MeCN, reflux, c. v., o/n, 39%; (f) formamide/acetic acid (v/v: 10:1), 150 °C, c. v., o/n; crude; (g) 1.) MeI, K2CO3, DMF, r. t., o/n; 2.) 
NaOH (1 M), tetrahydrofuran (THF)/H2O, r. t. o/n, 71%; (h) DIPEA, Hexafluorophosphate Azabenzotriazole Tetramethyl Uronium
(HATU), DMF, r. t., o/n, 17%.
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Scheme 3. Reagents and conditions for the syntheses of benzyl-modified derivatives.

(a1) CH3O(CH2)2Br, K2CO3, DMF, r. t. o/n, quant.; (a2) 1.) sodium hydride (NaH), bromomethyl methyl ether, THF, tert-butyl lithium 
(tBuLi), Et2O, then DMF, 0 °C r. t., 2 h, 2.) tBuLi, diethyl ether (Et2O). 40 °C, 2 h, then DMF, 0 °C r. t., quant. (b) 1.) sodium boro-
hydride (NaBH4), MeOH, 0 °C r.t., 2.) 1 h, r. t., 65%; (c) 8, Cs2CO3, MeCN, reflux, c. v., o/n, 10%; (d) PBr3, dichloromethane (DCM), 
0 °C r. t., 3 h, 91%; (e) 1.) MeI, K2CO3, DMF, r. t., o/n; 2.) NaOH (1 M), THF/H2O, o/n, 71% quant.; (f1) MeLi, Et2O, 0°C r. t., o/n, 
42 90%; (f2) 1.) oxalyl chloride, DMFcat., DCM, 50 °C, 2 h, 2.) triethylamine (NEt3), N,O-dimethylammonium chloride, THF, r. t., 2 h, 
3.) MeMgBr, (1.0 M in THF), THF, 0 °C r. t., 2 h, quant.; (g1) N-bromosuccinimide (NBS), azobisisobutyronitrile (AIBN), CCl4, 4 h, 
11% quant.; (g2) 1.) CH(OMe)3, hydrochloric acid (HCl, cat.)., MeOH, r. t., o/n, 2.) NBS, AIBN, CCl4, reflux, 4 h, 68%; (g3) 1.) K2CO3, 
MeI, DMF, rt, o/n; 2.) NBS, AIBN, CCl4, reflux, 4 h, crude; (h) K2CO3, MeCN, reflux, c. v., o/n, 10 97%; (i) LiOH, THF/H2O, r. t., o/n, 25%; 
(j) K2CO3, [Pd(PPh3)4] (5 mol%), 1,4-dioxane/H2O (6:1), 100 °C, 6 34%.

Chemistry. In our studies, we utilized commercially availa-
ble derivatives in the vicinity of inhibitor 8a (Table S1) and 
synthesized additional 53 close derivatives applying single-
molecule syntheses and late-stage modifications on certain
building blocks (Schemes 1 3).

Starting with the modification of the quinazoline moiety, we 
synthesized 23 close derivatives. For this, we prepared dif-
ferent quinazolinones applying our recently published pro-
cedure35. To combine them with 1-(3-(chloromethyl)-4-
methoxyphenyl)ethan-1-one in an O-alkylation reaction we 
optimized our published procedure35 in terms of the yield 

(data not shown) resulting in GPB-1. Additionally, we per-
formed late-stage modifications, such as methylation (a), 
nucleophilic aromatic substitution (b), cyanation40 (c), sul-
fonylation41 (d), and Suzuki reaction42,43 (e) following com-
mon and literature-known protocols.(Scheme 1)

As previously mentioned, we conducted linker modifica-
tions as part of our study. Due to the unavailability of com-
mercially accessible compounds for these specific modifica-
tions, we synthesized several compounds with a specific fo-
cus on ether replacement. Their synthetic routes are dis-
played in Scheme 2 and consisted of two to four steps each.
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The thio-linked derivative 9a could be achieved by transfor-
mation of quinazolinone 12a to thio analogue 13 using the 

44 and an additional nucleophilic substi-
tution. The amine linker (9b) was synthesized using the 
same starting material, 12a. In this case, the starting mate-
rial was converted into the 4-chloro intermediate 14 by em-
ploying thionyl chloride, DMF, and dry conditions. This in-
termediate facilitated a nucleophilic attack by the previ-
ously synthesized benzyl amine 16, resulting in the for-
mation of the desired amine linker (9b). For the synthesis 
of the amide-linked derivative 9c, starting material 17 was 
cyclized to the 4-amino analogue 18 adapting a literature- 
known procedure45. Then, compound 18 was coupled to 
benzoic acid 20. 

To investigate the benzyl moiety, we expanded a small com-
mercial library (refer to SI, Table S1) by synthesizing addi-
tional derivatives using the synthetic pathways outlined in 
Scheme 3. Many of these derivatives required single-mole-
cule syntheses of multiple building blocks, such as benzylic 
alcohols 23 and halogenides 27. These building blocks were 
subsequently utilized for the O-alkylation of intermediate 
12a (as shown in Scheme 3). Since benzylic alcohol 23c was 
not commercially available, it was synthesized from the cor-
responding aldehyde 22c via reduction with sodium boro-
hydride, following a known method.46 Aldehyde 22c had 
been prepared adapting a literature-known procedure47. 
Benzylic halogenides were either commercially available 
(27g, 27l, 27n p, 27r t, 27am) or synthesized from the 
corresponding benzylic alcohols or tolyl derivatives 21/22 
following common methods48,49. In case of 10b, the benzyl 
alcohol was directly converted to the final product by using 
intermediate 14 as starting material. Some combi-deriva-
tives and alkylations as well as arylations were performed 
according to Scheme 3 by late-stage modifications applying 
Suzuki reactions according to literature-known condi-
tions.42,43 

CONCLUSIONS 
In summary, we have observed a distinct modification-de-
pendent profile against RSV and hCoV-229E within the 
compound class centered around the starting point 8a, re-
vealing intriguing SARs for both viruses (refer to Figures 4 
and 5). 

RSV was selectively targeted by introducing modifications 
to the quinazoline moiety at the 8-position. Notably, elec-
tron-withdrawing groups proved to be advantageous for ac-
tivity, with fluorine being the most active and selective 
mono-substituent (8f). Another substitution, the 8-nitrile 
group (8p), exhibited high activity; however, it was unfor-
tunately cytotoxic. Depending on the intended application, 
the 8-nitrile substituent may be considered, as it demon-
strated good metabolic stability, outperforming all other 
mono-substituted quinazoline derivatives. Nevertheless, 
the cytotoxic effect of the 8-nitrile group would require fur-
ther detailed analysis and mitigation. Generally, various 
functionalities were found to be tolerated at this position, 
offering control over drug properties and selectivity Re-
markably, even larger motifs such as the 4-pyridyl group 
(8t) were well-tolerated, demonstrating a broad versatility 
for introducing additional functionalities and facilitating 
further expansion. Notably, the 5,8-dichloro derivative (8u) 
exhibited favorable selectivity and RSV inhibition, albeit 

with lower solubility compared to the leading candidate 8f. 
It is worth noting that the discussed quinazoline modifica-
tions did not yield improvements in terms of hCoV-229E in-
hibition, failing to provide selectivity against this virus. In 
summary, RSV selectivity could be effectively controlled by 
the choice of mono-substitution patterns or by altering the 
position of the chlorine atom from six to five. Interestingly, 
neither linker nor benzyl modifications resulted in im-
provements in RSV inhibition. However, the flexibility of the 
linker may play a crucial role and warrants further investi-
gation. To gain deeper insights into the linker region, plans 
are underway to explore inverse linkers. Additionally, in fu-
ture analyses, the interaction between the linker and the 
binding pocket could be examined by introducing a ketone 
group instead of the ether at both linker positions. Among 
the mono-substituted benzyl modifications, the 2-(3-
pyridyl) group (10k) was the only one showing some activ-
ity against RSV, but only in the second infection round, 
which could speak for another mode of action. When the in-
itial acetyl group was combined with the aforementioned 
functionality in a di-substitution pattern (10ae), it resulted 
in inactivity. Hence, we deduce that tendencies observed in 
mono-substituted derivatives cannot be directly applied to 
di-substitution patterns, at least in the case of RSV. Through 
simplifications of the 2-methoxy and 3-acetyl groups within 
the di-substitution pattern, we discovered the necessity of 
oxygen in both groups, likely due to their electronic influ-
ence or proton-accepting function. Interestingly, the origi-
nal 2-methoxy-5-acetyl substitution pattern exhibited the 
best results in addressing both RSV and hCoV-229E. How-
ever, other positions showed stronger disfavor towards 
RSV, which might be attributed to the direct interaction of 
the corresponding functionalities with the binding pocket. 

In our pursuit of achieving selectivity against hCoV-229E 
(as depicted in Figure 5), no success was attained through 
quinazoline modifications. However, future investigations 
should focus on exploring potential synergistic effects, such 
as the combination of the 6,7-dichloro substitution. Addi-
tionally, we discovered that a sulfide-ether exchange in the 
linker region (9a) yielded the most active and selective in-
hibitor in our study, exhibiting an activity of 80 nM. None-
theless, this compound exhibited low solubility and poor 
metabolic stability. The flexibility of the linker region ap-
pears to be crucial for targeting hCoV-229E, similar to what 
was described for RSV-selective inhibitors. Benzyl modifi-
cations with mono-substitution patterns generally exhib-
ited greater acceptance against hCoV-229E compared to 
RSV, thereby reinforcing the previously observed differen-
tiated profile of the two viruses. Both the 2-methoxy (10b) 
and 4-methyl (10s) groups displayed a comparable inhibi-
tory effect on hCoV-229E as the starting point 8a, demon-
strating selectivity against this virus. Further investigation 
is required to evaluate the combinatorial impact of these 
two modifications. In addition, weak or moderately elec-
tron-donating functionalities should be considered for de-
signing combi-derivatives to target hCoV-229E, particularly 
if the combination of the 2-methoxy and 4-methyl groups 
proves promising. Unfortunately, the anticipated synergis-
tic effect of combining the 2-methoxy group with the best 
linker against hCoV-229E (10b2) could not be confirmed. 
We observed a slight improvement in the mono-methoxy 
substituted derivative 10b by imitating the previously 
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Figure 4. Structure activity relationships for selective RSV inhibitors. Numbers in the ring give the total count of corresponding 
derivatives for each modification class. 

 

Figure 5. Structure activity relationships for selective hCoV-229E inhibitors. Numbers in ring give the total count of corresponding 
derivatives for each modification class.
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planned rigid 2,3-dimethoxy motif with compound 10ag. 
To maintain the dual inhibitory nature of the starting point 
8a, a 6,8-di-substitution pattern in the quinazoline moiety 
appears to be crucial. Replacing both chlorine atoms with 
methyl groups (8x) resulted in a slight decrease in activity 
against hCoV-229E but significantly improved the com-
pound's solubility. Among the performed linker modifica-
tions, none was beneficial in terms of dual inhibition, except 
amine-linked compound 9b would turn out to be an inhibi-
tor with a different mode of action against RSV in the fu-
ture.Overall, the 8-fluoro quinazoline substitution pattern 
(8f) emerged as the most favorable in terms of RSV inhibi-
tion, solubility, cytotoxicity, and selectivity.Furthermore, it 
displayed improved, albeit moderate metabolic stability in 
mouse liver S9 fractions. 

Consequently, it can be regarded as a promising starting 
point for future combinations involving the quinazoline 
moiety and other parts of the molecule. Moreover, we have 
developed a highly active inhibitor of hCoV-229E (9a) that 
serves as a promising starting point for further optimiza-
tion. Additionally, we enhanced the solubility of the dual in-
hibitor by creating compound 8x. Unfortunately, neither 
the starting point 8a nor the highly active hCoV-229E inhib-
itor demonstrated activity against SARS-CoV-2. Neverthe-
less, these novel scaffolds could be valuable in drug-devel-
opment efforts, targeting other coronaviruses. 

EXPERIMENTAL SECTION 
Chemistry  General information. All chemicals were 
used as obtained from commercial suppliers without fur-
ther purification. 
1H and 13C nuclear magnetic resonance (NMR) spectra were 
recorded on a Bruker Fourier 500 [500 MHz (1H), 126 MHz 
(13C)] spectrometer. Chemical shifts are given in parts per 
million (ppm) and referenced against the residual dimethyl 
sulfoxide-d6 (DMSO-d6), Chloroform-d (CDCl3), or acetone-
d6 peak. J stands for coupling constants. Multiplicities are 
described with singlet (s), broad singlet (br s), doublet (d), 
doublet of a doublet (dd), doublet of a doublet of a doublet 
(ddd), triplet (t), doublet of a triplet (dt), quartet (q), dou-
blet of a quartet (dq), sextet (sxt), septet (sept), and multi-
plet (m). 

For reaction controls, thin layer chromatography (TLC) 
and/or liquid chromatography-mass spectrometry (LC-MS) 
were used. Low-resolution mass analytics and purity con-
trol of final compounds were performed by applying a Spec-
traSystems-MSQ LC-MS system (Thermo Fisher Scientific) 
consisting of pump, Hypersil Gold column (100 mm x 
2.1 mm, particle size 3 µm), autosampler, VWD detector and 
an ESI quadrupole mass spectrometer. For LC-MS measure-
ments, the following method was used: positive/negative 
mode, acetonitrile (MeCN) + 0.1% formic acid (FA)/water 
(H2O) + 0.1% FA, 5  100% MeCN + 0.1% FA over 5.8 min, 

. 

Microwave-assisted (mw) syntheses were carried out in a 
Discover microwave synthesis system from CEM. For col-
umn chromatography, either the automated flash column 
chromatography (AFC) system CombiFlash Rf 150 (Tele-
dyne Isco) equipped with RediSepRf silica columns was 
used or manual flash column chromatography (MFC) with 

Silica 60M, 0.04  0.063 mm or 0.063  0.2 mm, (Macherey 
Nagel) was performed. 

Final products were dried under high vacuum. In case the 
final compound was purified with semi-preparative high-
performance liquid chromatography (semi-prep HPLC), the 
corresponding isolated fraction was lyophilized using a 
Christ Alpha 2-4 LD plus freeze-dryer connected to Chemis-
try Hybrid Pump RC6 (Vacuubrand). For semi-prep HPLC, 
an Ultimate 3000 ultra-high-performance liquid chroma-
tography (UHPLC) system (Thermo Fisher Scientific) 
equipped with Dionex RS Pump, Diode Array Detector, Au-
tomated Fraction Collector, Nucleodur C18 Gravity column 
(250 mm x 10 mm (column A) or 16 mm (column B), parti-
cle size 5 µm) was used.35 All final and tested compounds 
are at least 95% pure by HPLC (see LC-MS UV/Vis chroma-
tograms, SI 1-2).  

High-resolution mass spectrometry (HRMS) measurements 
were conducted with a Q Exactive Focus (Thermo Fischer 
Scientific) connected to Dionex Ultimate 3000 RS Pump and 
Autosampler as well as UHPLC system Column compart-
ment with Nucleodur C18 Pyramid column 
(150mm x 2 mm, particle size 3 µm) and Diode Array Detec-
tor.35 

Characterizations of some compounds have partly already 
been published in different journals but resulted sometimes 
from other procedures. To give a complete overview of their 
characterizations and to confirm synthesized structures by 
the performed method we showed all details referencing 
also the other sources for comparison. 

If not described differently, reactions have not been opti-
mized. 
General procedures. General procedure A (GP A): Cy-
clization to quinazolinone. For the cyclization, we applied 
our recently published procedure for the synthesis of 6,8-
dichloroquinazolin-4(3H)-one.35 

General procedure B, Method 1 (GP B-1): O-Alkylation 
of quinazolinones. To optimize the yields of the second 
step, we changed our recently published procedure35 to the 
following one: The corresponding quinazoline was mixed 
with K2CO3 (1.0 equiv), the related benzyl halogenide 
(1.0 equiv), and MeCN (0.08 M) in a closed vessel (c. v., 
Crimp vial). This mixture was heated to reflux for a certain 
time. After full conversion of the starting material, the sol-
vent was removed in vacuo. Then, the residue was sus-
pended in water, filtered, and washed with water. If not de-
scribed differently, no further purification via AFC and/or 
semi-prep HPLC was necessary. 

General procedure B, Method 2 (GP B-2): O-Alkylation 
of quinazolinones using caesium carbonate and potas-
sium iodide. Adapting method 1 (GP B-1), compound 12a, 
corresponding benzylic halogenide (1.0 equiv), Cs2CO3 
(1.0 equiv) and a catalytic amount of KI were suspended in 
anhydrous MeCN (0.1 M). The resulting suspension was de-
gassed by bubbling nitrogen gas through it. The reaction 
mixture was heated up to 60 oC, stirred at this temperature 
o/n and concentrated in vacuo. The residue was taken up 
into saturated, aqueous NaHCO3 solution, which was subse-
quently extracted with ethyl acetate (EtOAc). The combined 
organic fractions were washed with saturated, aqueous 
NaCl solution, dried over anhydrous Na2SO4, filtered, 
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concentrated in vacuo and subjected to flash chromatog-
raphy to obtain the desired compound. 

General procedure B, Alternative 3 (GP B-3): O-Alkylation of 
quinazolinone at room temperature for sensitive starting 
materials. Applying our recently published procedure35, the 
corresponding quinazolinone, K2CO3 (1.0 equiv), and ben-
zyl halogenide (1.0 equiv) were stirred in DMF (0.1 M) at 
room temperature until full consumption of the starting 
material was reached. After concentrating the reaction mix-
ture in vacuo, water or aqueous, saturated NH4Cl solution 
was added to the crude product which was then extracted 
with a suitable organic solv
polarity. The combined organic layers were combined, 
washed with water, and dried over Na2SO4. After filtration, 
the filtrate was dried in vacuo. If necessary, the resulting 
crude product was purified by AFC and/or prep-HPLC. 

General procedure B, Alternative 4 (GP B-4): O-Modifi-
cation of quinazolinones with nucleophiles. Performing 
a literature-known procedure50, the quinazoline was con-
verted to the corresponding chloroquinazoline.  The result-
ing crude was directly used for the nucleophilic substitution 
following GP B-1 under inert conditions and usage of 
Cs2CO3 as a base, a nucleophile instead of benzyl halogenide 
as well as dry MeCN. 

General procedure C (GP C): Methylation. The corre-
sponding starting material and K2CO3 (1.0  2.0 equiv) were 
suspended in DMF (0.5  1.0 M). After stirring for 10 min at 
r. t., MeI (1.0  2.5 equiv) was added. The mixture was 
stirred o/n at r. t. in a closed system. Then, MeI was 
quenched with aqueous saturated NH4Cl solution and con-
centrated in vacuo. After treating the resulting residue with 
water, the crude product was extracted using dichloro-
methane (DCM). The combined organic layers were dried 
over Na2SO4, filtered and concentrated to dryness in vacuo. 
For final products, the crude was purified by semi-prep 
HPLC. Otherwise, the resulting residue was used without 
further purification. 

General procedure D (GP D): Sulfonylation. Applying the 
literature-known procedure41, a mixture of the correspond-
ing brominated starting material, [Cu2O] (0.1 equiv), 
Nat

 BuO (3.0 equiv), and acetylacetone (1.0 equiv) in DMSO 
(0.13 M) was heated to 100 °C o/n under inert conditions in 
a c. v.. The reaction mixture was then diluted with DCM, fil-
tered and concentrated in vacuo to isolate the desired prod-
uct using semi-prep HPLC. 

General procedure E (GP E): Suzuki reaction as late-
stage modification. For this reaction, commonly known 
conditions42 were adapted. The brominated starting mate-
rial, boronic acid (1.2  5.0 equiv) and K2CO3 (2.5 equiv) 
were weighed into a c. v., flushed with nitrogen and mixed 
with degassed solvents, 1,4-dioxane (0.05 M) and water 
(0.3 M). After adding [Pd(PPh3)4] (0.05  0.01 equiv), the 
mixture was heated to 100 °C in a c. v. o/n. Then, the reac-
tion mixture was diluted with DCM, filtered via Celite, and 
concentrated in vacuo. The resulting crude was purified by 
semi-prep HPLC. 

General procedure F (GP F): Hydrolysis. The correspond-
ing starting material was stirred in a mixture of aqueous 
NaOH solution and tetrahydrofuran (THF) (v/v (NaOH 
(1 M)/ THF) = 1:1  1:3; 0.2  0.5 M) at r. t. o/n. Then, the re-
action mixture was acidified using aqueous hydrochloric 

acid (HCl) solution (1 M) to extract the crude product with 
EtOAc. After extraction, the combined organic layers were 
washed with water, dried over Na2SO4, filtered, and dried in 
vacuo. 

General procedure G (GP G): Ketone formation from 
carboxylic acid using methyl lithium. Adapting the liter-
ature-known procedure51 slightly, a mixture of carboxylic 
acid and diethyl ether (Et2O, 0.13 M) was cooled to 0 °C un-
der dry conditions. To this mixture, a solution of methyl lith-
ium (MeLi) (1.6 M in Et2O, 4.0 equiv) was added dropwise. 
The resulting mixture was stirred o/n reaching r. t. and then 
quenched with aqueous, saturated NH4Cl solution. After ex-
traction with DCM, the resulting organic layers were com-
bined, washed with saturated, aqueous NaCl solution and 
dried over Na2SO4. Lastly, it was filtered and dried in vacuo. 
The resulting crude was purified by AFC if necessary. 

General procedure H (GP H): Alcohol-halogen transfor-
mation using PBr3. Following the literature-known proce-
dure48 (REF), the corresponding alcohol was stirred at 0 °C 
in DCM (0.5 M). After adding PBr3 (1.5 equiv) dropwise at 
this temperature, the mixture was stirred for 3 h reaching 
r. t.. Then, it was quenched with cold water. The organic 
layer was washed with saturated, aqueous NaCl solution 
and dried over Na2SO4. Filtration and drying in vacuo to 
gave the desired product.  

General procedure I (GP I): Radicalic alkyl-bromination 
using N-Bromosuccinimde and AIBN. Adapting a litera-
ture-known procedure49, N-bromosuccinimide (NBS, 1.00  
1.05 equiv) and AIBN (0.05  0.20 equiv) were added to a 
mixture of alkylic starting material and CCl4 (0.5 M), and 
heated to reflux for 4 h. The mixture was then filtered and 
concentrated in vacuo. The resulting crude product was ei-
ther used without further purification or purified by AFC.1-
(3-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)-4-
methoxyphenyl)ethan-1-one (8a). Starting from 12a 
(50.0 mg, 0.23 mmol), K2CO3 (32.2 mg, 0.23 mmol), and 1-
(3-(chloromethyl)-4-methoxyphenyl)ethan-1-one 
(46.2 mg, 0.23 mmol), 8a (75.6 mg, 0.20 mmol, 86%) was 
obtained as a beige solid. Characterization measurements 
showed the same data describing the desired product as for 
3s from our recently published procedure35 (REF). Herein, 
the NMR spectra were recorded in CDCl3 instead of 
DMSO-d6. 1H NMR (500 MHz, CDCl3)  = 8.40 (s, 1H), 8.17 
(dd, J = 2.1, 9.5 Hz, 2H), 7.98 (dd, J = 2.1, 8.7 Hz, 1H), 7.79 (d, 
J = 2.3 Hz, 1H), 6.95 (d, J = 8.7 Hz, 1H), 5.17 (s, 2H), 3.95 (s, 
3H), 2.58 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 196.4, 
161.3, 159.6, 147.9, 143.4, 134.5, 132.8, 132.7, 131.2, 130.4, 
125.2, 124.3, 122.7, 110.4, 56.0, 46.4, 26.4 (overlap of two 
quaternary carbon signals in CDCl3, no overlap in HSQC 
spectrum (Figure S117) visible). 

1-(3-(((8-Chloroquinazolin-4-yl)oxy)methyl)-4-meth-
oxyphenyl)ethan-1-one (8b). Applying GP B-1 with 12b 
(50.0 mg, 0.28 mmol), K2CO3 (38.3 mg, 0.28 mmol), and 
1-(3-(chloromethyl)-4-methoxyphenyl)ethan-1-one 
(55.0 mg, 0.28 mmol) in MeCN (3.5 mL), 8b (77.1 mg, 
0.22 mmol, 81%) was obtained as a beige solid. LC-MS 
m/z ([M+H]+) = 343.08, tr = 3.91 min, purity: 98%. 1H NMR 
(500 MHz, CDCl3)  = 8.44 (s, 1H), 8.22 (dd, J = 1.4, 7.8 Hz, 
1H), 8.17 (d, J = 2.3 Hz, 1H), 7.98 (dd, J = 2.3, 8.7 Hz, 1H), 
7.83 (dd, J = 1.4, 7.8 Hz, 1H), 7.41 (t, J = 7.8 Hz, 1H), 6.95 (d, 
J = 8.7 Hz, 1H), 5.18 (s, 2H), 3.96 (s, 3H), 2.58 (s, 3H). 
13C NMR (126 MHz, CDCl3)  = 196.5, 161.4, 160.6, 147.9, 
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144.6, 134.5, 132.8, 131.6, 131.1, 130.4, 127.3, 125.7, 123.8, 
122.9, 110.3, 56.0, 46.3, 26.4. HRMS calculated: m/z 
([M+H]+) = 343.0844, found: m/z ([M+H]+) = 343.0839. 

1-(3-(((7-Chloroquinazolin-4-yl)oxy)methyl)-4-meth-
oxyphenyl)ethan-1-one (8c). According to GP B-1, 8c 
(80.9 mg, 0.23 mmol, 85%) was synthesized and isolated as 
a beige solid. For this reaction 12c (50.0 mg, 0.28 mmol), 
K2CO3 (38.3 mg, 0.28 mmol), and 1-(3-(chloromethyl)-4-
methoxyphenyl)ethan-1-one (55.0 mg, 0.28 mmol) were 
mixed in MeCN (3.5 mL). LC-MS m/z ([M+H]+) = 343.08, 
tr = 4.06 min, purity: 97%. 1H NMR (500 MHz, CDCl3)  = 
8.29 (s, 1H), 8.21 (d, J = 8.6 Hz, 1H), 8.13 (d, J = 2.2 Hz, 1H), 
7.97 (dd, J = 2.2, 8.6 Hz, 1H), 7.68 (d, J = 1.8 Hz, 1H), 7.43 (dd, 
J = 1.8, 8.6 Hz, 1H), 6.95 (d, J = 8.6 Hz, 1H), 5.15 (s, 2H), 3.95 
(s, 3H), 2.57 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 196.5, 
161.3, 160.5, 148.8, 148.3, 140.4, 132.5, 131.0, 130.3, 128.2, 
127.8, 126.9, 123.1, 120.7, 110.3, 55.9, 46.1, 26.4. HRMS cal-
culated: m/z ([M+H]+) = 343.0844, found: m/z ([M+H]+) = 
343.0838. 

1-(3-(((6-Chloroquinazolin-4-yl)oxy)methyl)-4-meth-
oxyphenyl)ethan-1-one (8d). Following GP B-1 under us-
age of 12d (50.0 mg, 0.28 mmol), K2CO3 (38.3 mg, 
0.28 mmol), and 1-(3-(chloromethyl)-4-methoxy-
phenyl)ethan-1-one (55.0 mg, 0.28 mmol) in MeCN 
(3.5 mL), 8d (44.2 mg, 0.13 mmol, 47%) was synthesized 
and isolated as a colorless solid after additional washing 
with methyl tert-butyl ether. LC-MS m/z ([M+H]+) = 343.08, 
163.04, tr = 4.04 min, purity: 96%. 1H NMR (500 MHz, 
CDCl3)  = 8.27 (s, 1H), 8.26 (d, J = 2.3 Hz, 1H), 8.14 (d, J = 
2.3 Hz, 1H), 7.98 (dd, J = 2.3, 8.7 Hz, 1H), 7.69 - 7.65 (m, 1H), 
7.63 (d, J = 8.7 Hz, 1H), 6.95 (d, J = 8.7 Hz, 1H), 5.17 (s, 2H), 
3.95 (s, 3H), 2.58 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 
196.5, 161.3, 160.2, 147.3, 146.5, 134.6, 133.0, 132.6, 131.0, 
130.4, 129.1, 126.2, 123.3, 123.1, 110.4, 55.9, 46.2, 26.5. 
HRMS calculated: m/z ([M+H]+) = 343.0844, found: m/z 
([M+H]+) = 343.0837. 

1-(3-(((5-Chloroquinazolin-4-yl)oxy)methyl)-4-meth-
oxyphenyl)ethan-1-one (8e). Colorless solid 8e (53.1 mg, 
0.16 mmol, 56%) was synthesized using GP B-1 by stirring 
12e (50.0 mg, 0.28 mmol), K2CO3 (38.3 mg, 0.28 mmol), and 
1-(3-(chloromethyl)-4-methoxyphenyl)ethan-1-one 
(55.0 mg, 0.28 mmol) in MeCN (3.5 mL). LC-MS m/z 
([M+H]+) = 343.08, tr = 3.79 min, purity: > 98%. 1H NMR 
(500 MHz, CDCl3)  = 8.30 (s, 1H), 8.15 (d, J = 2.1 Hz, 1H), 
7.99 (dd, J = 2.1, 8.7 Hz, 1H), 7.63 - 7.57 (m, 2H), 7.48 (dd, J 
= 2.4, 6.6 Hz, 1H), 6.96 (d, J = 8.7 Hz, 1H), 5.14 (s, 2H), 3.95 
(s, 3H), 2.59 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 196.6, 
161.4, 159.1, 150.1, 147.9, 134.2, 133.7, 132.6, 131.0, 130.4, 
130.0, 126.6, 123.0, 119.4, 110.3, 55.9, 46.3, 26.5. HRMS cal-
culated: m/z ([M+H]+) = 343.0844, found: m/z 
([M+H]+) = 343.0840. 

1-(3-(((8-Fluoroquinazolin-4-yl)oxy)methyl)-4-meth-
oxyphenyl)ethan-1-one (8f). Following GP B-1, light-
brown solid 8f (51.6 mg, 0.16 mmol, 86%) was prepared by 
heating 12f (30.0 mg, 0.18 mmol,), K2CO3 (25.3 mg, 
0.18 mmol), and 1-(3-(chloromethyl)-4-methoxy-
phenyl)ethan-1-one (36.3 mg, 0.18 mmol) in MeCN 
(2.3 mL) to reflux. LC-MS m/z ([M+H]+) = 327.2, tr = 
2.94 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 
8.55 (s, 1H), 7.97 (dd, J = 2.1, 8.5 Hz, 1H), 7.93 (d, J = 8.0 Hz, 
1H), 7.81 (d, J = 2.1 Hz, 1H), 7.75 - 7.66 (m, 1H), 7.53 (dt, J = 
4.8, 8.0 Hz, 1H), 7.14 (d, J = 8.5 Hz, 1H), 5.16 (s, 2H), 3.92 (s, 

3H), 2.49 (s, 3H). 13C NMR (126 MHz, DMSO-d6)  = 196.3, 
161.1, 159.3 (d, 4JCF = 2.8 Hz), 156.4 (d, JCF = 253.7 Hz), 149.2, 
137.1 (d, 2JCF = 11.9 Hz), 131.0, 129.7, 129.4, 127.6 (d, 3JCF = 
8.3 Hz, 1C), 123.8, 123.6, 121.9 (d, 4JCF = 3.7 Hz), 119.9 (d, 
2JCF = 18.4 Hz), 110.8, 56.1, 46.0, 26.4. HRMS calculated: m/z 
([M+H]+) = 327.1139, found: m/z ([M+H]+) = 327.1126. 

1-(3-(((8-Bromoquinazolin-4-yl)oxy)methyl)-4-meth-
oxyphenyl)ethan-1-one (8g). According to GP B-1, light-
brown solid 8g (237.7 mg, 0.61 mmol, 89%) was synthe-
sized using 12g (155.7 mg, 0.69 mmol), K2CO3 (95.6 mg, 
0.69 mmol), 1-(3-(chloromethyl)-4-methoxyphenyl)ethan-
1-one (137.5 mg, 0.69 mmol), and MeCN (8.7 mL). LC-MS 
m/z ([M+H]+) = 387.14, tr = 4.04 min, purity: 96%. 1H NMR 
(500 MHz, CDCl3)  = 8.45 (s, 1H), 8.26 (d, J = 7.9 Hz, 1H), 
8.19 - 8.15 (m, 1H), 8.06 - 7.93 (m, 2H), 7.34 (t, J = 7.9 Hz, 
1H), 6.95 (d, J = 8.7 Hz, 1H), 5.18 (s, 2H), 3.96 (s, 3H), 2.58 
(s, 3H). 13C NMR (126 MHz, CDCl3)  = 196.5, 161.4, 160.5, 
148.0, 145.6, 137.9, 132.8, 131.2, 130.4, 127.8, 126.5, 123.8, 
122.9, 122.0, 110.4, 56.0, 46.3, 26.5. HRMS calculated: m/z 
([M+H]+) = 387.0339, found: m/z ([M+H]+) = 387.0335. 

1-(4-Methoxy-3-(((8-methylquinazolin-4-yl)oxy)me-
thyl)phenyl)ethan-1-one (8h). The synthesis of 8h was 
performed according to GP B-1 giving beige solid 8h 
(54.5 mg, 0.17 mmol, 90%). For this reaction, 12h (30.0 mg, 
0.19 mmol), K2CO3 (25.8 mg, 0.19 mmol), 1-(3-(chlorome-
thyl)-4-methoxyphenyl)ethan-1-one (37.2 mg, 0.19 mmol), 
and MeCN (2.3 mL) were used. LC-MS m/z ([M+H]+) = 
323.21, tr = 3.92 min, purity: 98%. 1H NMR (500 MHz, 
CDCl3)  = 8.33 (s, 1H), 8.15 (d, J = 7.5 Hz, 1H), 8.14 (d, J = 
2.2 Hz, 1H), 7.97 (dd, J = 2.2, 8.7 Hz, 1H), 7.59 (d, J = 7.5 Hz, 
1H), 7.37 (t, J = 7.5 Hz, 1H), 6.95 (d, J = 8.7 Hz, 1H), 5.18 (s, 
2H), 3.96 (s, 3H), 2.62 (s, 3H), 2.57 (s, 3H). 13C NMR 
(126 MHz, CDCl3)  = 196.6, 161.4, 161.3, 146.3, 146.1, 
135.6, 135.0, 132.5, 130.8, 130.3, 126.8, 124.5, 123.4, 122.2, 
110.3, 55.9, 45.8, 26.4, 17.5. HRMS calculated: m/z ([M+H]+) 
= 323.1390, found: m/z ([M+H]+) = 323.1384. 

1-(4-Methoxy-3-(((8-(trifluoromethyl)quinazolin-4-
yl)oxy)methyl)phenyl)ethan-1-one (8i). Compound 8i 
was prepared applying GP B-1. Thereby, 12i (50.0 mg, 
0.14 mmol), K2CO3 (19.3 mg, 0.14 mmol), and 1-(3-(chloro-
methyl)-4-methoxyphenyl)ethan-1-one (27.8 mg, 
0.14 mmol) were mixed in MeCN (1.8 mL) to afford 8j 
(47.9 mg,0.13 mmol, 91%) as a light-yellow solid. LC-MS 
m/z ([M+H]+) = 377.3, tr = 4.35 min, purity: >98%. 1H NMR 
(500 MHz, DMSO-d6)  = 8.64 (s, 1H), 8.41 (d, J = 8.5 Hz, 1H), 
8.22 (d, J = 7.8 Hz, 1H), 7.98 (dd, J = 2.2, 8.5 Hz, 1H), 7.83 (d, 
J = 2.2 Hz, 1H), 7.68 (t, J = 7.8 Hz, 1H), 7.15 (d, J = 8.5 Hz, 1H), 
5.17 (s, 2H), 3.93 (s, 3H), 2.50 (s, 3H). 13C NMR (126 MHz, 
DMSO-d6)  = 159.9, 146.9, 146.2, 145.9 (q, 2JCF = 19.2 Hz), 
131.97 (q, 4JCF= 5.2 Hz), 130.6, 126.1, 124.8 (q, 3JCF = 8.3 Hz), 
125.02 (q, JCF = 284.0 Hz). HRMS calculated: m/z ([M+H]+) = 
377.1108, found: m/z ([M+H]+) = 377.1102. 

4-((5-Acetyl-2-methoxybenzyl)oxy)-8-(methoxycar-
bonyl)quinazolin-1-ium formate (8j). Following GP B-1 
under usage of 12j (100.0 mg, 0.49 mmol), K2CO3 (67.7 mg, 
0.49 mmol), 1-(3-(chloromethyl)-4-methoxyphenyl)ethan-
1-one (97.4 mg, 0.49 mmol), and MeCN (6.1 mL), 8j (1.5 mg, 
4 µmol, 1%) was obtained as a colorless solid after purifica-
tion via semi-prep HPLC (MeCN + 0.05% formic acid 
(FA) / H2O + 0.05% FA, 15  100% MeCN + 0.05% FA over 
30 min, 10 mL/min, column B, 8j at 63% MeCN + 0.05% FA). 
LC-MS m/z ([M-H]-) = 366.41, tr = 2.76 min, purity: > 98%. 
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1H NMR (500 MHz, DMSO-d6)  = 9.86 (br d, J = 4.6 Hz, 1H), 
8.63 (s, 1H), 8.47 (s, 1H), 8.45 (dd, J = 1.6, 7.8 Hz, 1H), 8.28 
(dd, J = 1.6, 7.8 Hz, 1H), 7.99 (dd, J = 2.2, 8.6 Hz, 1H), 7.84 (d, 
J = 2.2 Hz, 1H), 7.63 (t, J = 7.8 Hz, 1H), 7.16 (d, J = 8.6 Hz, 1H), 
7.01 (br s, 2H), 5.19 (s, 2H), 3.93 (s, 3H), 2.91 (d, J = 4.6 Hz, 
3H), 2.50 (s, 3H). 13C NMR (126 MHz, DMSO-d6)  = 196.3, 
165. 7, 164.9, 161.1, 159.8, 148. 9, 144.9, 135.7, 131.0, 
129.8, 129.4, 129.4, 129.2, 126.8, 123.7, 122.0, 110.8, 56.2, 
45.8, 26.4, 26.2. HRMS calculated: m/z ([M+H]+) = 
368.1498, found: m/z ([M+H]+) = 367.1367. 

4-((5-Acetyl-2-methoxybenzyl)oxy)quinazoline-8-car-
bonitrile (8k). According to a published procedure40, a 
mixture of 8g (30.0 mg, 77 µmol, 1.0 equiv), [Pd(PPh3)4] 
(9.2 mg, 8 µmol, 0.1 equiv) and [Zn(CN)2] (27.1 mg, 
231 µmol, 3.0 equiv) in DMF (0.3 mL, 0.3 M) was heated to 
100 °C o/n giving the corresponding product 8k (2.0 mg, 
6 µmol, 7%) after filtering the reaction mixture, concentrat-
ing the filtrate in vacuo and purifying the resulting crude via 
semi-prep-HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 5  
100% MeCN + 0.05% FA over 30 min, 10 mL/min, column 
B, 8k at 59% MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 
334.20, tr = 2.98 min, purity: > 98%. 1H NMR (500 MHz, 
DMSO-d6)  = 8.71 (s, 1H), 8.38 (dd, J = 1.2, 7.9 Hz, 1H), 8.35 
(dd, J = 1.2, 7.9 Hz, 1H), 7.98 (dd, J = 2.1, 8.6 Hz, 1H), 7.86 (d, 
J = 2.1 Hz, 1H), 7.67 (t, J = 7.9 Hz, 1H), 7.15 (d, J = 8.6 Hz, 1H), 
5.17 (s, 2H), 3.93 (s, 3H), 2.51 (s, 3H). 13C NMR (126 MHz, 
DMSO-d6)  = 196.3, 161.1, 159.3, 151.1, 149.0, 139.4, 131.3, 
131.0, 130.1, 129.4, 127.1, 123.4, 122.3, 116.5, 110.8, 109.9, 
56.2, 46.3, 26.4. HRMS calculated: m/z ([M+H]+) = 
334.1186, found: m/z ([M+H]+) = 334.1173. 

1-(4-Methoxy-3-(((8-(methylsulfonyl)quinazolin-4-
yl)oxy)methyl)phenyl)ethan-1-one (8l). Applying GP D 
on 8g (50.0 mg, 0.13 mmol), [Cu2O] (1.9 mg, 13 µmol), Nat-

BuO (8.3 mg, 0.39 mmol), acetylacetone (13 µL, 
0.13 mmol), and DMSO (1.0 mL, 0.13 m), colorless solid 8l 
(3.78 mg, 8 µmol, 7%) was isolated from the resulting crude 
product by purification via semi-prep HPLC (MeCN + 0.05% 
FA/H2O + 0.05% FA, 5  100% MeCN + 0.05% FA over 30 
min, 10 mL/min, column B, 8l at 59% MeCN + 0.05% FA). 
LC-MS m/z ([M+H]+) = 387.39, tr = 2.76 min, purity: > 98%. 
1H NMR (500 MHz, DMSO-d6)  = 8.71 (s, 1H), 8.45 (dd, J = 
1.3, 7.9 Hz, 1H), 8.39 (dd, J = 1.3, 7.9 Hz, 1H), 7.99 (dd, J = 
2.1, 8.7 Hz, 1H), 7.86 (d, J = 2.1 Hz, 1H), 7.74 (t, J = 7.9 Hz, 
1H), 7.16 (d, J = 8.7 Hz, 1H), 5.19 (s, 2H), 3.93 (s, 3H), 3.53 
(s, 3H), 2.50 (s, 3H). Contains 28 mol% FA according to 
1H NMR spectrum. 13C NMR (126 MHz, DMSO-d6)  = 196.3, 
161.1, 159.3, 150.0, 145.0, 136.2, 133.7, 132.1, 131.1, 130.0, 
129.4, 126.7, 123.5, 123.0, 110.9, 56.2, 45.9, 43.6, 26.4. 
HRMS calculated: m/z ([M+H]+) = 387.1009, found: m/z 
([M+H]+) = 387.0994. 

1-(3-(((8-Hydroxyquinazolin-4-yl)oxy)methyl)-4-
methoxyphenyl)ethan-1-one (8m) and 1,1'-(((quinazo-
line-4,8-diylbis(oxy))bis(methylene))bis(4-methoxy-
3,1-phenylene))bis(ethan-1-one) (8o). Both compounds, 
8m and 8o, were obtained at the same time by performing 
GP B-3 on 12m (50.0 mg, 0.31 mmol), K2CO3 (42.6 mg, 
0.31 mmol), and 1-(3-(chloromethyl)-4-methoxy-
phenyl)ethan-1-one (60.4 mg, 0.31 mmol) in DMF (3.1 mL). 
For the extraction EtOAc was used. The crude product was 
purified by semi-prep HPLC (MeCN + 0.05% formic acid 
(FA) / H2O + 0.05% FA, 5  100% MeCN + 0.05% FA over 30 
min, 10 mL/min, column B, 8m at 57% MeCN + 0.05% FA, 

8o at 70% MeCN + 0.05% FA) isolating colorless solid 8m 
(16.7 mg, 0.05 mmol, 17%) and light-yellow solid 8o 
(12.9 mg, 27 µmol, 9%). 8m: LC-MS m/z ([M+H]+) = 325.27, 
tr = 3.18 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  
= 9.93 (br s, 1H), 8.44 (s, 1H), 7.97 (dd, J = 2.1, 8.5 Hz, 1H), 
7.74 (d, J = 2.1 Hz, 1H), 7.53 (dd, J = 1.1, 7.9 Hz, 1H), 7.34 (t, 
J = 7.9 Hz, 1H), 7.20 (dd, J = 1.1, 7.8 Hz, 1H), 7.15 (d, J = 
8.5 Hz, 1H), 5.15 (s, 2H), 3.93 (s, 3H), 2.48 (s, 3H). 13C NMR 
(126 MHz, DMSO-d6)  = 196.2, 161.0, 160.2, 153.1, 146.6, 
136.9, 130.8, 129.4, 129.2, 127.7, 124.2, 122.5, 118.6, 115.6, 
110.7, 56.1, 45.5, 26.3. HRMS calculated: m/z ([M+H]+) = 
325.1183, found: m/z ([M+H]+) = 325.1170. 8o: LC-MS m/z 
([M+H]+) = 487.42, tr = 4.01 min, purity: > 98%. 1H NMR 
(500 MHz, DMSO-d6)  = 8.43 (s, 1H), 8.13 (d, J = 2.1 Hz, 1H), 
8.02 (dd, J = 2.1, 8.7 Hz, 1H), 7.97 (dd, J = 2.1, 8.7 Hz, 1H), 
7.76 (d, J = 1.9 Hz, 1H), 7.69 (dd, J = 1.9, 7.2 Hz, 1H), 7.51 - 
7.43 (m, 2H), 7.20 (d, J = 8.7 Hz, 1H), 7.14 (d, J = 8.7 Hz, 1H), 
5.24 (s, 2H), 5.14 (s, 2H), 3.92 (s, 6H), 2.53 (s, 3H), 2.48 (s, 
3H). 13C NMR (126 MHz, DMSO-d6)  = 196.3, 196.2, 161.0, 
160.9, 160.0, 153.6, 147.2, 138.6, 130.9, 129.7, 129.6, 129.4, 
129.4, 127.5, 124.6, 124.1, 122.8, 117.4, 116.5, 110.8, 110.7, 
65.5, 56.1, 56.1, 45.5, 26.4, 26.3 (according to HSQC spec-
trum (see Figure S146): overlap of two signals belonging to 
two different carbons, signal at 130.9 ppm). HRMS calcu-
lated: m/z ([M+H]+) = 487.1864, found: m/z ([M+H]+) = 
487.1850. 

1-(4-Methoxy-3-(((8-methoxyquinazolin-4-yl)oxy)me-
thyl)phenyl)ethan-1-one (8n). Performing GP C with 8m 
(8.1 mg, 25 µmol), K2CO3 (4.2 mg, 30 µmol), MeI (2 µL, 
38 µmol), and DMF (0.3 mL) led to the colorless solid 8n 
(1.93 mg, 6 µmol, 23%) after purification of the crude prod-
uct via semi-prep HPLC (MeCN + 0.05% 
FA/H2O + 0.05% FA, 15  100% MeCN + 0.05% FA over 30 
min, 10 mL/min, column B, 8n at 55% MeCN + 0.05% FA). 
LC-MS m/z ([M+H]+) = 339.40, tr = 2.75 min, purity: > 98%. 
1H NMR (500 MHz, DMSO-d6)  = 8.42 (s, 1H), 7.97 (dd, J = 
2.2, 8.7 Hz, 1H), 7.74 (d, J = 2.2 Hz, 1H), 7.66 (dd, J = 1.1, 8.0 
Hz, 1H), 7.46 (t, J = 8.0 Hz, 1H), 7.38 (dd, J = 1.1, 8.0 Hz, 1H), 
7.14 (d, J = 8.7 Hz, 1H), 5.14 (s, 2H), 3.92 (s, 3H), 3.91 (s, 3H), 
2.48 (s, 3H). 13C NMR (126 MHz, DMSO-d6)  = 196.2, 161.0, 
160.0, 154.5, 147.1, 138.3, 130.9, 129.4, 129.3, 127.5, 124.1, 
122.7, 116.9, 114.9, 110.7, 56.1, 56.0, 45.6, 26.3. HRMS cal-
culated: m/z ([M+H]+) = 339.1339, found: m/z ([M+H]+) = 
339.1327. 

1-(4-Methoxy-3-(((8-morpholinoquinazolin-4-
yl)oxy)methyl)phenyl)ethan-1-one (8p). Compound 8f 
(20.0 mg, 61 µmol) and morpholine (0.02 mL, 245 µmol, 
4.0 equiv) were heated to 120 °C in a c. v. o/n to give 8p 
(1.6 mg, 4 µmol, 5%) as a colorless solid after purification 
by semi-prep HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 30 

 100% MeCN + 0.05% FA over 30 min, 10 mL/min, column 
B, 8p at 57% MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 
394.27, tr = 2.93 min, purity: > 98%. 1H NMR (500 MHz, 
DMSO-d6)  = 8.43 (s, 1H), 7.97 (dd, J = 2.1, 8.5 Hz, 1H), 7.73 
(d, J = 2.1 Hz, 1H), 7.73 - 7.69 (m, 1H), 7.43 (t, J = 7.9 Hz, 1H), 
7.28 (dd, J = 1.0, 7.9 Hz, 1H), 7.15 (d, J = 8.7 Hz, 1H), 5.13 (s, 
2H), 3.93 (s, 3H), 3.83 - 3.76 (m, 4H), 3.27 - 3.24 (m, 4H), 
2.48 (s, 3H). 13C NMR (126 MHz, DMSO-d6)  = 196.3, 161.1, 
159.3, 149.1, 147.9, 145.9, 130.9, 129.2, 127.5, 124.1, 123.8, 
122.9, 121.3, 118.5, 110.8, 66.3, 56.1, 51.5, 45.3, 26.4. HRMS 
calculated: m/z ([M+H]+) = 394.1748, found: m/z ([M+H]+) 
= 339.1761. 
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1-(3-(((8-Cyclopropylquinazolin-4-yl)oxy)methyl)-4-
methoxyphenyl)ethan-1-one (8q). Applying known con-
ditions52 on the brominated quinazolinone 8g (30.0 mg, 
77 µmol) under usage of cyclopropylboronic acid (10.0 mg, 
0.12 mmol, 1.5 equiv), K3PO4 (49.2 mg, 0.23 mmol, 
3.0 equiv), [Pd(OAc)2] (1.8 mg, 8 µmol, 0.1 equiv), PCy3 
(4.5 mg, 16 µmol, 0.2 equiv), toluene (0.4 mL, 0.2 M), and 
water (4 µL, 20 M), 8q was synthesized. After purification 
via MFC (DCM/methanol (MeOH), 99:1) the colorless solid 
8q (19.5 mg, 0.06 mmol, 73%) was isolated. 
Rf (DCM/MeOH, 99:1) = 0.13. LC-MS m/z ([M+H]+) = 
349.19, tr = 3.82 min, purity: > 98%. 1H NMR (500 MHz, 
CDCl3)  = 8.39 (br s, 1H), 8.14 (d, J = 2.3 Hz, 1H), 8.11 (dd, J 
= 1.4, 7.7 Hz, 1H), 7.98 (dd, J = 2.3, 8.7 Hz, 1H), 7.39 (t, J = 7.7 
Hz, 1H), 7.22 (d, J = 7.7 Hz, 1H), 6.96 (d, J = 8.7 Hz, 1H), 5.20 
(s, 2H), 3.97 (s, 3H), 2.87 - 2.79 (m, 1H), 2.58 (s, 3H), 1.17 - 
1.10 (m, 2H), 0.82 - 0.76 (m, 2H). 13C NMR (126 MHz, CDCl3) 

 = 196.6, 161.4, 146.4, 146.3, 146.3, 132.5, 131.0, 130.4, 
128.7, 128.7, 128.7, 127.2, 123.9, 123.3, 122.0, 110.3, 56.0, 
45.9, 26.5, 10.4, 9.4. HRMS calculated: m/z ([M+H]+) = 
349.1547, found: m/z ([M+H]+) = 349.1542. 

1-(4-Methoxy-3-(((8-phenylquinazolin-4-yl)oxy)me-
thyl)phenyl)ethan-1-one (8r). Performing GP E on 8g 
(30.0 mg, 77 µmol) under usage of K2CO3 (26.8 mg, 
0.19 mmol), [Pd(PPh3)4] (4.6 mg, 4 µmol), 1,4-dioxane 
(1.5 mL) and water (0.3 mL), 8r (2.3 mg, 6 µmol, 8%) was 
isolated as a colorless solid after purification by semi-prep 
HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 5 100% MeCN 
+ 0.05% FA over 30 min, 10 mL/min, column B, 8r at 81% 
MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 385.33, tr = 4.65 
min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 8.45 
(s, 1H), 8.17 (dd, J = 1.4, 7.6 Hz, 1H), 7.97 (dd, J = 2.1, 8.7 Hz, 
1H), 7.84 (dd, J = 1.4, 7.6 Hz, 1H), 7.80 (d, J = 2.1 Hz, 1H), 
7.65 - 7.55 (m, 3H), 7.46 (t, J = 7.5 Hz, 2H), 7.43 - 7.36 (m, 
1H), 7.15 (d, J = 8.7 Hz, 1H), 5.16 (s, 2H), 3.92 (s, 3H), 2.49 
(s, 3H). 13C NMR (126 MHz, DMSO-d6)  = 196.3, 161.0, 
160.3, 147.8, 144.9, 138.8, 138.1, 135.0, 130.9, 130.4, 129.5, 
129.4, 127.8, 127.3, 127.0, 125.6, 124.0, 122.2, 110.8, 56.1, 
45.5, 26.4. HRMS calculated: m/z ([M+H]+) = 385.1547, 
found: m/z ([M+H]+) = 385.1541. 

1-(4-Methoxy-3-(((8-(pyridin-4-yl)quinazolin-4-
yl)oxy)methyl)phenyl)ethan-1-one (8s). Following GP E 
under usage of 8g (30.0 mg, 77 µmol), K2CO3 (26.8 mg, 
0.19 mmol), [Pd(PPh3)4] (4.6 mg, 4 µmol), 1,4-dioxane 
(1.5 mL), and water (0.3 mL), 8s (5.0 mg, 10 µmol, 17%) 
was isolated as a colorless solid after purification by semi-
prep HPLC (MeCN + 0.05% FA/ H2O + 0.05% FA, 5  100% 
MeCN + 0.05% FA over 30 min, 10 mL/min, column B, 8s at 
43% MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 386.26, tr = 
2.85 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 
8.67 - 8.65 (m, 2H), 8.50 (s, 1H), 8.24 (dd, J = 1.4, 7.6 Hz, 1H), 
7.97 (dd, J = 2.2, 8.7 Hz, 1H), 7.93 (dd, J = 1.4, 7.6 Hz, 1H), 
7.81 (d, J = 2.2 Hz, 1H), 7.67 - 7.61 (m, 3H), 7.15 (d, J = 8.7 
Hz, 1H), 5.16 (s, 2H), 3.92 (s, 3H), 2.49 (s, 3H). 13C NMR (126 
MHz, DMSO-d6)  = 196.3, 161.0, 160.1, 149.2, 148.4, 145.6, 
144.9, 135.9, 135.0, 130.9, 129.6, 129.4, 127.2, 126.9, 125.2, 
123.9, 122.3, 110.8, 56.1, 45.6, 26.4. HRMS calculated: m/z 
([M+H]+) = 386.1499, found: m/z ([M+H]+) = 386.1495. 

1-(3-(((5,8-Dichloroquinazolin-4-yl)oxy)methyl)-4-
methoxyphenyl)ethan-1-one (8t). According to GP B-1, 
beige solid 8t (57.30 mg, 0.15 mmol, 65%) was prepared 
from 12t (50.0 mg, 0.23 mmol), K2CO3 (32.2 mg, 

0.23 mmol), 1-(3-(chloromethyl)-4-methoxyphenyl)ethan-
1-one (46.3 mg, 0.23 mmol), and MeCN (2.9 mL), LC-MS 
m/z ([M+H]+) = 377.07, tr = 3.80 min, purity: > 98%. 1H NMR 
(500 MHz, DMSO-d6)  = 8.65 (s, 1H), 7.97 (dd, J = 2.1, 8.7 
Hz, 1H), 7.91 (d, J = 8.5 Hz, 1H), 7.84 (d, J = 2.1 Hz, 1H), 7.52 
(d, J = 8.5 Hz, 1H), 7.13 (d, J = 8.7 Hz, 1H), 5.10 (s, 2H), 3.92 
(s, 3H), 2.50 (s, 3H). 13C NMR (126 MHz, DMSO-d6)  = 196.3, 
161.2, 157.8, 150.2, 146.4, 134.2, 131.4, 131.0, 130.0, 130.0, 
129.6, 129.4, 123.5, 119.9, 110.8, 56.1, 46.3, 26.4. HRMS cal-
culated: m/z ([M+H]+) = 377.0454, found: m/z ([M+H]+) = 
377.0450. 

 

1-(3-(((5,7-Dichloroquinazolin-4-yl)oxy)methyl)-4-
methoxyphenyl)ethan-1-one (8u). Based on GP B-1, 12u 
(50.0 mg, 0.23 mmol), K2CO3 (32.1 mg, 0.23 mmol), 1-(3-
(chloromethyl)-4-methoxyphenyl)ethan-1-one (46.1 mg, 
0.23 mmol), and MeCN (2.9 mL) were used for the synthesis 
of beige solid 8u (71.8 mg, 0.19 mmol, 82%). LC-MS m/z 
([M+H]+) = 377.10, tr = 4.00 min, purity: 98%. 1H NMR (500 
MHz, CDCl3)  = 8.29 (s, 1H), 8.14 (d, J = 1.7 Hz, 1H), 7.99 
(dd, J = 1.7, 8.5 Hz, 1H), 7.58 (d, J = 1.6 Hz, 1H), 7.46 (d, J = 
1.6 Hz, 1H), 6.96 (d, J = 8.5 Hz, 1H), 5.11 (s, 2H), 3.95 (s, 3H), 
2.59 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 196.6, 161.4, 
158.7, 150.9, 148.8, 139.3, 135.3, 132.7, 131.1, 130.4, 129.9, 
126.3, 122.8, 118.0, 110.3, 55.9, 46.4, 26.6. HRMS calcu-
lated: m/z ([M+H]+) = 377.0454, found: m/z ([M+H]+) = 
377.0451. 

1-(3-(((6-Chloro-8-methylquinazolin-4-yl)oxy)me-
thyl)-4-methoxyphenyl)ethan-1-one (8v). According to 
GP B-1, light-beige solid 8w (82.5 mg, 0.23 mmol, 91%) 
was synthesized according to GP B-1 using 12v (49.2 mg, 
0.25 mmol) with K2CO3 (34.9 mg, 0.25 mmol), 1-(3-(chloro-
methyl)-4-methoxyphenyl)ethan-1-one (50.3 mg, 
0.25 mmol), and MeCN (3.2 mL). LC-MS m/z ([M+H]+) = 
357.14, tr = 4.09 min, purity: 98%. 1H NMR (500 MHz, 
DMSO-d6)  = 8.53 (s, 1H), 7.97 (dd, J = 2.2, 8.7 Hz, 1H), 7.90 
(d, J = 2.2 Hz, 1H), 7.80 - 7.74 (m, 2H), 7.14 (d, J = 8.7 Hz, 1H), 
5.14 (s, 2H), 3.92 (s, 3H), 2.54 (s, 3H), 2.49 (s, 3H). 13C NMR 
(126 MHz, DMSO-d6)  = 196.3, 161.0, 159.5, 148.0, 145.2, 
138.6, 134.5, 130.9, 130.9, 129.5, 129.4, 123.8, 122.7, 122.6, 
110.8, 56.1, 45.7, 26.4, 16.8. HRMS calculated: m/z ([M+H]+) 
= 357.1000, found: m/z ([M+H]+) = 357.0995. 

1-(3-(((8-Chloro-6-methylquinazolin-4-yl)oxy)me-
thyl)-4-methoxyphenyl)ethan-1-one (8w). This beige 
solid (83.1 mg, 0.23 mmol, quant.) was synthesized accord-
ing to GP B-1 converting 12w (45.2 mg, 0.23 mmol) with 
K2CO3 (32.1 mg, 0.23 mmol), and 1-(3-(chloromethyl)-4-
methoxyphenyl)ethan-1-one (46.1 mg, 0.23 mmol) in 
MeCN (2.9 mL). LC-MS m/z ([M+H]+) = 357.14, tr = 3.78 min, 
purity: 98%. 1H NMR (500 MHz, DMSO-d6)  = 8.53 (s, 1H), 
7.97 (dd, J = 2.1, 8.7 Hz, 1H), 7.88 (s, 1H), 7.85 (s, 1H), 7.78 
(d, J = 2.1 Hz, 1H), 7.14 (d, J = 8.7 Hz, 1H), 5.14 (s, 2H), 3.92 
(s, 3H), 2.49 (s, 3H), 2.42 (s, 3H). 13C NMR (126 MHz, DMSO-
d6)  = 196.3, 161.0, 159.6, 148.5, 142.3, 137.9, 135.6, 131.0, 
130.5, 129.6, 129.4, 124.8, 123.9, 123.0, 110.8, 56.2, 45.8, 
26.4, 20.5. HRMS calculated: m/z ([M+H]+) = 357.1000, 
found: m/z ([M+H]+) = 357.0996. 

1-(3-(((6,8-Dimethylquinazolin-4-yl)oxy)methyl)-4-
methoxyphenyl)ethan-1-one (8x). For this compound, 
GP B-1 was performed under usage of 12x (26.2 mg, 
0.15 mmol) with K2CO3 (19.3 mg, 0.15 mmol), 1-(3-
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(chloromethyl)-4-methoxyphenyl)ethan-1-one (27.8 mg, 
0.15 mmol), and MeCN (1.9 mL) giving 8x (43.1 mg, 
0.13 mmol, 85%) as a light-yellow solid. LC-MS m/z 
([M+H]+) = 337.19, tr = 3.73 min, purity: 98%. 1H NMR (500 
MHz, CDCl3)  = 8.27 (s, 1H), 8.12 (d, J = 2.0 Hz, 1H), 8.01 - 
7.90 (m, 2H), 7.42 (s, 1H), 6.94 (d, J = 8.5 Hz, 1H), 5.17 (s, 
2H), 3.95 (s, 3H), 2.58 (s, 3H), 2.57 (s, 3H), 2.43 (s, 3H). 
13C NMR (126 MHz, CDCl3)  = 196.6, 161.4, 161.3, 145.3, 
144.3, 137.0, 136.5, 135.3, 132.5, 130.8, 130.3, 123.9, 123.5, 
121.9, 110.3, 55.9, 45.7, 26.4, 21.3, 17.4. HRMS calculated: 
m/z ([M+H]+) = 337.1540, found: m/z ([M+H]+) = 357.1547. 

1-(3-(((6,8-Dichloroquinazolin-4-yl)thio)methyl)-4-
methoxyphenyl)ethan-1-one (9a). According to GP B-1, 
thione 13 (100.0 mg, 0.43 mmol) was converted to beige 
solid 9a (123.4 mg, 0.31 mmol, 73%) under usage of K2CO3 
(59.8 mg, 0.43 mmol), 1-(3-(chloromethyl)-4-methoxy-
phenyl)ethan-1-one (86.0 mg, 0.43 mmol), and MeCN 
(2.9 mL). LC-MS m/z ([M+H]+) = 392.97, tr = 5.44 min, pu-
rity: 96%. 1H NMR (500 MHz, CDCl3)  = 9.15 (s, 1H), 8.17 
(s, 1H), 7.98 (s, 1H), 7.95 - 7.89 (m, 2H), 6.95 (d, J = 8.5 Hz, 
1H), 4.70 (s, 2H), 3.98 (s, 3H), 2.56 (s, 3H). 13C NMR (126 
MHz, CDCl3)  = 196.5, 171.4, 161.4, 153.8, 143.6, 134.4, 
134.1, 132.5, 131.5, 130.4, 130.1, 125.0, 124.9, 121.9, 110.1, 
56.0, 29.1, 26.3. HRMS calculated: m/z ([M+H]+) = 
393.0226, found: m/z ([M+H]+) = 393.0220. 

1-(3-(((6,8-Dichloroquinazolin-4-yl)amino)methyl)-4-
methoxyphenyl)ethan-1-one (9b). Following GP B-4, 
first, intermediate 14 was synthesized using 12a 
(100.0 mg, 0.47 mmol), thionyl chloride (1.5 mL, 0.3 M), and 
DMF (5 drops). After removing thionyl chloride in vacuo, 
one part of the resulting crude product (50.0 mg, 
0.21 mmol) was heated to reflux with intermediate 16 
(44.7 mg, 0.21 mmol, purity: 87%, 1.0 equiv) and Cs2CO3 
(69.7 mg, 0.21 mmol, 1.0 equiv) in dry MeCN (2.7 mL, 
0.08 M). The resulting reaction mixture was concentrated in 
vacuo, suspended in water and filtered off, giving 9b (31.2 
mg, 82 µmol, 39%) as a colorless solid after purification by 
semi-prep HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 5  
100% MeCN + 0.05% FA over 50 min, 5 mL/min, column A, 
9b at 58% MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 
376.02, tr = 3.27 min, purity: > 98%. 1H NMR (500 MHz, 
DMSO-d6)  = 8.95 (t, J = 5.4 Hz, 1H), 8.54 (s, 1H), 8.53 (d, J 
= 2.3 Hz, 1H), 8.12 (d, J = 2.1 Hz, 1H), 7.95 (dd, J = 2.3, 8.5 Hz, 
1H), 7.79 (d, J = 2.1 Hz, 1H), 7.14 (d, J = 8.7 Hz, 1H), 4.75 (d, 
J = 5.4 Hz, 2H), 3.93 (s, 3H), 2.46 (s, 3H). 13C NMR (126 MHz, 
DMSO-d6)  = 196.4, 160.9, 158.9, 156.1, 144.7, 132.8, 132.6, 
130.1, 129.4, 129.3, 127.5, 126.2, 121.5, 116.5, 110.4, 56.0, 
40.1, 26.4. HRMS calculated: m/z ([M+H]+) = 376.0614, 
found: m/z ([M+H]+) = 376.0610. 

5-Acetyl-N-(6,8-dichloroquinazolin-4-yl)-2-methox-
ybenzamide (9c). Carboxylic acid 20 (30.0 mg, 0.15 mmol) 
and DIPEA (30 µL, 0.17 mmol, 1.1 equiv) were stirred for 
10 min at r. t. in DMF (0.6 mL, 0.25 M). Then, O-(7-
Azabenzotriazol-1-yl)-N,N,N N -tetramethyluronium-hex-
afluorphosphat (HATU, 70.3 mg, 0.19 mmol, 1.2 equiv) was 
added. After stirring the reaction mixture for further 10 min 
at r. t., the corresponding amine 18 (32.0 mg, 0.15 mmol, 
1.0 equiv) was added and the mixture was stirred at the 
same temperature o/n. To extract the crude product with 
EtOAc, the reaction mixture was concentrated in vacuo and 
suspended in aqueous, saturated NH4Cl solution. The com-
bined organic layers were dried over Na2SO4, filtered, and 

concentrated to dryness in vacuo. Purification by semi-prep 
HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 5  100% MeCN 
+ 0.05% FA over 30 min, 10 mL/min, column B, 9c at 68% 
MeCN + 0.05% FA) gave 9c (10.4 mg, 27 µmol, 17%) as a 
colorless solid. LC-MS m/z ([M+H]+) = 390.22, tr = 3.89 min, 
purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 11.39 (br s, 
1H), 8.99 (s, 1H), 8.45 (d, J = 2.1 Hz, 1H), 8.35 (d, J = 2.1 Hz, 
1H), 8.21 (d, J = 2.1 Hz, 1H), 8.14 (dd, J = 2.1, 8.8 Hz, 1H), 
7.25 (d, J = 8.8 Hz, 1H), 3.78 (s, 3H), 2.59 (s, 3H). 13C NMR 
(126 MHz, DMSO-d6)  = 196.1, 165.9, 160.1, 157.1, 154.8, 
146.0, 134.0, 133.2, 133.0, 131.2, 130.4, 129.6, 124.7, 123.2, 
119.1, 111.9, 56.3, 26.5. HRMS calculated: m/z ([M+H]+) = 
390.0407, found: m/z ([M+H]+) = 390.0394. 

6,8-Dichloro-4-((2-methoxybenzyl)oxy)quinazoline 
(10b). Following GP B-4 under usage of intermediate 14 
(50.0 mg, 0.21 mmol), Cs2CO3 (69.7 mg, 0.21 mmol), 
2-methoxybenzyl alcohol (27 µL, 021 mmol) an MeCN 
(2.7 mL). Instead of filtering the crude product off, it was ex-
tracted from the aqueous layer with EtOAc (3 x 20 mL). The 
combined organic layers were dried over MgSO4, filtered, 
and dried in vacuo. For purification, AFC (Cyclohex-
ane/EtOAc, 0  100% EtOAc over 20 min, 10b at 30% 
EtOAc, 4 g silica) was performed to give 10b (7.2 mg, 21 
µmol, 10%) as a colorless solid. LC-MS m/z ([M+H]+) = 
335.04, tr = 5.61 min, purity: 98%. 1H NMR (500 MHz, 
CDCl3)  = 8.95 (s, 1H), 8.11 (d, J = 2.3 Hz, 1H), 7.92 (d, J = 
2.3 Hz, 1H), 7.48 (dd, J = 1.6, 7.6 Hz, 1H), 7.39 (dt, J = 1.6, 7.6 
Hz, 1H), 7.02 (t, J = 7.6 Hz, 1H), 6.97 (d, J = 7.6 Hz, 1H), 5.69 
(s, 2H), 3.88 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 166.2, 
157.8, 155.2, 146.4, 134.0, 133.4, 132.1, 130.0, 129.9, 123.6, 
121.8, 120.5, 118.3, 110.6, 65.2, 55.5. HRMS calculated: m/z 
([M+H]+) = 335.0349, found: m/z ([M+H]+) = 335.0342. 

6,8-Dichloro-4-((2-methoxybenzyl)thio)quinazoline 
(10b2) According to GP B-1, 5 (50.0 mg, 0.22 mmol), K2CO3 
(29.9 mg, 0.22 mmol), 2-methoxybenzyl bromide 27b (43.4 
mg, 0.22 mmol), and MeCN (11.6 mL) were used. Thereby, 
10b2 (61.4 mg, 0.18 mmol, 81%) was obtained as a light-
brown solid after filtration. LC-MS m/z ([M+H]+) = 350.81, 
tr = 5.45 min, purity: 97%. 1H NMR (500 MHz, CDCl3)  = 
9.12 (s, 1H), 7.98 (d, J = 0.8 Hz, 1H), 7.89 (d, J = 0.8 Hz, 1H), 
7.49 (d, J = 7.2 Hz, 1H), 7.28 (t, J = 7.2 Hz, 1H), 6.98 - 6.85 (m, 
2H), 4.69 (s, 2H), 3.91 (s, 3H). 13C NMR (126 MHz, CDCl3)  
= 171.8, 157.7, 153.9, 143.6, 134.3, 134.0, 132.3, 130.9, 
129.2, 125.0, 124.5, 122.0, 120.5, 110.6, 55.5, 29.3. HRMS 
calculated: m/z ([M+H]+) = 351.0120, found: m/z ([M+H]+) 
= 351.0115. 

6,8-Dichloro-4-((2-(2-methoxyethoxy)ben-
zyl)oxy)quinazoline (10c). To a solution of 23c (25.5 mg, 
0.14 mmol) in DCM (0.22 m), NBS (49.8 mg, 0.28 mmol, 
2.0 equiv) and PPh3 (55.1 mg, 0.21 mmol, 1.5 equiv) were 
added at 0 °C. This mixture was stirred o/n reaching r. t.. 
Then, it was concentrated in vacuo. Following GP B-1, the 
resulting residue, containing benzyl bromide 23c, was 
mixed with K2CO3 (19.3 mg, 0.14 mmol) and 12a (30.0 mg, 
0.14 mmol) in MeCN (1.8 mL, 0.08 m) to obtain 10c 
(14.1 mg, 0.04 mmol, 27%) as a colorless solid after purifi-
cation via AFC (PB/EtOAc, 0 100% EtOAc over 22 min, 4 g 
silica, 18 mL/min, 10c at 40% EtOAc). LC-MS m/z ([M+H]+) 
= 379.19, tr = 4.90 min, purity: 97%. 1H NMR (500 MHz, 
CDCl3)  = 8.47 (s, 1H), 8.18 (d, J = 2.3 Hz, 1H), 7.78 (d, J = 
2.3 Hz, 1H), 7.53 (dd, J = 1.6, 7.6 Hz, 1H), 7.30 (dt, J = 1.6, 7.6 
Hz, 1H), 6.97 (t, J = 7.6 Hz, 1H), 6.89 (d, J = 7.6 Hz, 1H), 5.18 
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(s, 2H), 4.20 - 4.14 (m, 2H), 3.80 - 3.75 (m, 2H), 3.46 (s, 3H). 
13C NMR (126 MHz, CDCl3)  = 159.7, 156.9, 148.5, 143.5, 
134.3, 132.8, 132.4, 132.0, 130.2, 125.1, 124.4, 123.1, 121.1, 
111.6, 70.7, 67.3, 59.1, 46.4. HRMS calculated: m/z ([M+H]+) 
= 379.0611, found: m/z ([M+H]+) = 379.0599. 

1-(2-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)phe-
nyl)ethan-1-one (10d). -
methylacetophenone (step 1). -
methylacetophenone (1.34 g, 10.0 mmol) in MeOH 
(20.0 mL) methyl orthoformate (1.28 g, 12.0 mmol. 
1.2 equiv) was added followed by two drops of HCl (4.0 M 
solution in 1,4-dioxane). The reaction mixture was then 
stirred at r. t. o/n and concentrated in vacuo to yield the 
crude product (1.78 g) as a colorless liquid that was used in 
the next step without additional purification. 
Rf (Hex/EtOAc, 9:1) = 0.25. 

Bromination to 1-(Bromomethyl)-2-(1,1-dimethoxy-
ethyl)benzene (step 2). According to GP I, one part of the 

-methylacetophenone dimethyl-
ketal (288.1 mg, 1.60 mmol), AIBN (13.0 mg, 79 µmol), NBS 
(299.0 mg, 1.68 mmol), and CCl4 (8.0 mL, 0.2 M) were used 
for the synthesis of 27d1. Differently to GP I, NBS was 
added in two equal portions with 30 min break in between. 
After concentrating the reaction mixture in vacuo, the oily 
residue was resuspended in ether, the white precipitate 
was filtered off and the mother liquor was concentrated. 
The resulting benzyl bromide (280.0 mg) 
Rf (Hex/DCM = 10:1) = 0.4. 

O-Akylation to final compound (step 3). Applying GP B-2 on 
12a (9.0 mg, 0.04 mmol), 27d1 (11.0 mg, 0.04 mmol), 
Cs2CO3 (14.0 mg, 0.04 mmol), and MeCN (0.5 mL) the final 
compound 27d was obtained. It was isolated as a white 
solid (12.0 mg, 0.03 mmol, 80%) using AFC (DCM/MeOH, 
0 10% MeOH over 15 min, 4 g silica, 18 mL/min, 27d at 
5% MeOH). LC-MS m/z ([M+H]+) = 347.12, tr = 3.84 min, pu-
rity: 95%. 1H NMR (500 MHz, DMSO-d6)  = 8.51 (s, 1H), 
8.22 (d, J = 2.3 Hz, 1H), 8.09 (d, J = 2.3 Hz, 1H), 8.03 (d, J = 
7.6 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H), 7.44 (t, J = 7.6 Hz, 1H), 
7.39 (d, J = 7.5 Hz, 1H), 5.54 (s, 2H), 2.44 (s, 3H). 13C NMR 
(126 MHz, DMSO-d6)  = 195.3, 158.8, 149.6, 143.6, 138.3, 
134.4, 134.3, 132.6, 132.5, 132.0, 131.4, 129.1, 126.2, 124.4, 
123.7, 54.1, 20.8. HRMS calculated: m/z ([M+H]+) = 
347.0349, found: m/z ([M+H]+) = 347.0337. 

6,8-Dichloro-4-((2-ethylbenzyl)oxy)quinazoline (10e). 
GP E was used for the synthesis of 10e starting from 10g 
(30.0 mg, 78 µmol), ethyl boronic acid (6.9 mg, 94 µmol), 
K2CO3 (27.0 mg, 195 µmol), and [Pd(PPh3)4] (4.5 mg, 
4 µmol) in 1,4-dioxane (1.5 mL) and water (0.3 mL). 
Thereby, the desired product 10e (4.7 mg, 14 µmol, 18%) 
was isolated as a colorless solid via semi-prep HPLC 
(MeCN + 0.05% FA/H2O + 0.05% FA, 5  100% MeCN + 
0.05% FA over 30 min, 10 mL/min, column B, 10e at 95% 
MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 333.20, tr = 
5.32 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 
8.60 (s, 1H), 8.19 (d, J = 2.4 Hz, 1H), 8.07 (d, J = 2.4 Hz, 1H), 
7.29 - 7.22 (m, 2H), 7.16 - 7.10 (m, 1H), 6.93 (d, J = 7.6 Hz, 
1H), 5.25 (s, 2H), 2.74 (q, J = 7.5 Hz, 2H), 1.19 (t, J = 7.6 Hz, 
3H). 13C NMR (126 MHz, DMSO-d6)  = 158.8, 149.4, 143.5, 
141.4, 134.2, 133.4, 132.4, 131.3, 128.5, 127.7, 126.4, 126.1, 
124.5, 124.0, 46.7, 24.8, 14.7. HRMS calculated: m/z 
([M+H]+) = 333.0556, found: m/z ([M+H]+) = 333.0552. 

4-((2-Bromobenzyl)oxy)-6,8-dichloroquinazoline 
(10g). Its synthesis was performed according to GP B-1 us-
ing 12a (200.0 mg, 0.93 mmol), K2CO3 (128.5 mg, 
0.93 mmol), 2-bromobenzyl bromide (0.13 mL, 0.93 mmol), 
and MeCN (11.6 mL). Thereby, 10g (356.9 mg, 0.93 mmol, 
quant.) was obtained as a yellow solid and used for further 
reaction without additional purification. LC-MS m/z 
([M+H]+) = 383.09, tr = 5.15 min, purity: 79%. For testing, 
one part of this crude (30.0 mg) was additionally purified 
by semi-prep HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 5 

 100% MeCN + 0.05% FA over 30 min, 10 mL/min, column 
B, 10g at 94% MeCN + 0.05% FA) to isolate 10g (15.5 mg, 
0.04 mmol) as a colorless solid. LC-MS m/z ([M+H]+) = 
383.11, tr = 5.16 min, purity: > 98%. 1H NMR (500 MHz, 
DMSO-d6)  = 8.64 (s, 1H), 8.19 (d, J = 2.3 Hz, 1H), 8.06 (d, J 
= 2.3 Hz, 1H), 7.69 (d, J = 7.6 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 
7.27 (dt, J = 1.4, 7.6 Hz, 1H), 7.08 (d, J = 7.6 Hz, 1H), 5.24 (s, 
2H). 13C NMR (126 MHz, DMSO-d6)  = 159.3, 150.0, 144.0, 
135.2, 134.7, 133.2, 132.9, 131.8, 130.1, 129.0, 128.5, 125.0, 
124.5, 122.5, 50.5. HRMS calculated: m/z ([M+H]+) = 
382.9348, found: m/z ([M+H]+) = 382.9335. 

Methyl 2-(((6,8-dichloroquinazolin-4-yl)oxy)me-
thyl)benzoate (10h). Starting from o-toluic acid 26i 
(200.0 mg, 1.47 mmol), K2CO3 (243.6 mg, 1.76 mmol), MeI 
(312.8 mg, 0.14 mmol), and DMF (14.7 mL), methyl 2-
methylbenzoate (217.3 mg, 1.44 mmol, 99%, light-yellow 
oil) was synthesized according to GP C and directly used 
without further purification to synthesize 27h. For this, one 
part of previously synthesized methyl 2-methylbenzoate 
(100.0 mg, 0.67 mmol) was converted by performing GP I 
under usage of AIBN (21.9 mg, 0.13 mmol), NBS (118.5 mg, 
0.67 mmol), and CCl4 (1.3 mL). Thereby, 27h (95.1 mg) was 
obtained as a yellow oil and also directly used without fur-
ther purification. Rf (PB/EtOAc, 9:1) = 0.56. Applying GP B 
under usage of 12a (71.6 mg, 0.33 mmol), K2CO3 (45.6 mg, 
0.33 mmol), benzyl bromide 27h (47.1 mg, crude), and 
MeCN (4.2 mL). Thereby, crude product 10h (11.5 mg) was 
obtained. One part of this crude product (6.0 mg) was used 
without further purification, while the other part (5.5 mg) 
was purified by semi-prep HPLC (MeCN + 0.05% 
FA/H2O + 0.05% FA, 5  100% MeCN + 0.05% FA over 
30 min, 10 mL/min, column B, 10h at 79% MeCN + 0.05% 
FA) isolating pure 10h (1.38 mg, 4 µmol, 1%) as a colorless 
solid. LC-MS m/z ([M+H]+) = 363,22, tr = 3.85 min, purity: 
97%. 1H NMR (500 MHz, DMSO-d6)  = 8.62 (s, 1H), 8.20 (d, 
J = 2.4 Hz, 1H), 8.06 (d, J = 2.4 Hz, 1H), 7.96 (d, J = 7.7 Hz, 
1H), 7.55 - 7.50 (m, 1H), 7.45 (t, J = 7.7 Hz, 1H), 7.09 (d, J = 
7.7 Hz, 1H), 5.55 (s, 2H), 3.90 (s, 3H). 13C NMR (126 MHz, 
DMSO-d6)  = 166.8, 159.0, 149.6, 143.6, 137.1, 134.2, 132.9, 
132.4, 131.2, 130.6, 128.3, 127.7, 127.1, 124.5, 124.1, 52.4, 
48.3. HRMS calculated: m/z ([M+H]+) = 363.0298, found: 
m/z ([M+H]+) = 363.0283. 

2-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)benzoic 
acid (10i). Starting from 10h (6.0 mg, crude), compound 
10i was synthesized according to GP F under usage of aque-
ous LiOH solution (20 µL, 1.0 M) instead of NaOH, and THF 
(50 µL). After purifying the resulting crude by semi-prep 
HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 5  100% MeCN 
+ 0.05% FA over 30 min, 10 mL/min, column B, 10i at 72% 
MeCN + 0.05% FA), 10i (1.5 mg, 4 µmol, ~25%) was ob-
tained as a colorless solid. LC-MS m/z ([M-OH]+) = 348.99, 
tr = 3.43 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  
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= 8.76 (s, 1H), 8.27 (s, 1H), 8.16 (d, J = 2.4 Hz, 1H), 8.07 (d, J 
= 2.4 Hz, 1H), 7.87 - 7.72 (m, 1H), 7.32 - 7.25 (m, 2H), 7.06 - 
7.01 (m, 1H), 5.58 (s, 2H). 13C NMR (126 MHz, DMSO-d6)  = 
169.7, 167.0, 164.2, 159.0, 150.0, 147.5, 143.5, 134.0, 132.4, 
131.0, 130.1, 127.4, 127.2, 124.5, 124.1, 48.3. HRMS calcu-
lated: m/z ([M-OH]+) = 349.0141, found: m/z ([M-OH]+) = 
349.0131. 

4-([1,1'-Biphenyl]-2-ylmethoxy)-6,8-dichloroquinazo-
line (10j). According to GP E, 10g (30.0 mg, 78 µmol), phe-
nyl boronic acid (11.5 mg, 94 µmol), K2CO3 (27.0 mg, 
195 µmol), and [Pd(PPh3)4] (4.5 mg, 4 µmol) in 1,4-dioxane 
(1.5 mL) and water (0.3 mL) were used for this synthesis. 
The purification via semi-prep HPLC 
(MeCN + 0.05% FA/H2O + 0.05% FA, 5 100% MeCN + 
0.05% FA over 30 min, 10 mL/min, column B, 10j at 98% 
MeCN + 0.05% FA) led to 10j (7.9 mg, 21 µmol, 26%) as a 
colorless solid (7.9 mg, 21 µmol, 26%). LC-MS m/z ([M+H]+) 
= 381.24, tr = 5.50 min, purity: > 98%. 1H NMR (500 MHz, 
DMSO-d6)  = 8.30 (s, 1H), 8.14 (d, J = 2.3 Hz, 1H), 7.98 (d, 
J = 2.3 Hz, 1H), 7.50 - 7.44 (m, 2H), 7.43 - 7.30 (m, 5H), 7.26 
(dd, J = 1.3, 7.4 Hz, 1H), 7.10 (d, J = 7.4 Hz, 1H), 5.16 (s, 2H). 
13C NMR (126 MHz, DMSO-d6)  = 158.6, 149.3, 143.4, 140.8, 
139.9, 134.1, 133.2, 132.3, 131.1, 130.1, 128.9, 128.5, 127.8, 
127.6, 127.5, 126.7, 124.4, 124.0, 48.1. HRMS calculated: 
m/z ([M+H]+) = 381.0556, found: m/z ([M+H]+) = 381.0552. 

6,8-Dichloro-4-((2-(pyridin-3-yl)benzyl)oxy)quinazo-
line (10k). Following GP E, 10g (30.0 mg, 78 µmol), 3-
pyridyl boronic acid (11.5 mg, 94 µmol), K2CO3 (27.0 mg, 
195 µmol), and [Pd(PPh3)4] (4.5 mg, 4 µmol) in 1,4-dioxane 
(1.5 mL) and water (0.3 mL) were used for this synthesis 
affording colorless solid 10k (8.2 mg, 22 µmol, 28%) after 
purification via semi-prep HPLC 
(MeCN + 0.05% FA/H2O + 0.05% FA, 5  100% MeCN + 
0.05% FA over 30 min, 10 mL/min, column B, 10k at 72% 
MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 382.24, tr = 
3.83 min, purity: > 98%.1H NMR (500 MHz, DMSO-d6)  = 
8.66 - 8.59 (m, 2H), 8.40 (s, 1H), 8.15 (d, J = 2.3 Hz, 1H), 7.97 
(d, J = 2.3 Hz, 1H), 7.88 (td, J = 1.8, 7.8 Hz, 1H), 7.51 (dd, J = 
4.9, 7.8 Hz, 1H), 7.43 - 7.35 (m, 2H), 7.31 (dd, J = 1.4, 7.2 Hz, 
1H), 7.16 (d, J = 7.8 Hz, 1H), 5.16 (s, 2H). 13C NMR (126 MHz, 
DMSO-d6)  = 158.6, 149.3, 148.6, 143.4, 137.3, 136.5, 135.6, 
134.1, 133.7, 132.4, 131.2, 130.4, 128.5, 127.8, 127.0, 124.4, 
124.0, 123.5, 47.8, 22.8; overlap of two signals at 149.3 ppm 
(see HSQC spectrum Figure S192). HRMS calculated: m/z 
([M+H]+) = 382.0508, found: m/z ([M+H]+) = 382.0506. 

1-(3-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)phe-
nyl)ethan-1-one (10l). Applying GP B-1 under usage of 
12a (50.0 mg, 0.23 mmol), K2CO3 (32.2 mg, 0.23 mmol), 3-
acetylbenzyl chloride (39.3 mg, 0.23 mmol), and MeCN 
(2.9 mL) led to 10l (20.9 mg, 0.06 mmol, 22%) as a beige 
solid. LC-MS m/z ([M+H]+) = 346.95, tr = 4.53 min, purity: 
96%. 1H NMR (500 MHz, CDCl3)  = 8.16 (s, 1H), 8.14 (d, J = 
2.3 Hz, 1H), 7.89 (s, 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.76 (d, J = 
2.3 Hz, 1H), 7.49 (d, J = 7.6 Hz, 1H), 7.41 (t, J = 7.6 Hz, 1H), 
5.17 (s, 2H), 2.53 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 
197.4, 159.5, 146.7, 143.4, 137.8, 135.6, 134.8, 133.2, 133.1, 
132.6, 129.5, 128.7, 127.7, 125.3, 124.2, 50.0, 26.7. HRMS 
calculated: m/z ([M+H]+) = 347.0349, found: m/z ([M+H]+) 
= 347.0344. 

3-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)benzoic 
acid (10n). Following GP B-3 under usage of 12a (50.0 mg, 
0.28 mmol), K2CO3 (32.2 mg, 0.23 mmol), 3-

(chloromethyl)benzoic acid (39.7 mg, 0.28 mmol), and DMF 
(2.9 mL) 10n was synthesized. After full consumption of the 
starting material, the reaction mixture was acidified with 
HCl (1.0 M). Thereby, a colorless solid precipitated that was 
filtered off and washed with acetone. The acetone solution 
was dried in vacuo and purified by semi-prep HPLC 
(MeCN + 0.05% FA/H2O + 0.05% FA, 5  100% MeCN + 
0.05% FA over 50 min, 5 mL/min, column A, 10n at 60% 
MeCN + 0.05% FA) affording 10n (12.7 mg, 0.04 mmol, 
16%) as a colorless solid. LC-MS m/z ([M+H]+) = 346.95, tr = 
4.53 min, purity: 96%. 1H NMR (500 MHz, DMSO-d6)  = 
13.05 (br s, 1H), 8.79 (s, 1H), 8.17 (d, J = 2.3 Hz, 1H), 8.06 (d, 
J = 2.3 Hz, 1H), 7.96 (s, 1H), 7.87 (d, J = 7.8 Hz, 1H), 7.64 (d, 
J = 7.8 Hz, 1H), 7.48 (t, J = 7.8 Hz, 1H), 5.27 (s, 2H). 13C NMR 
(126 MHz, DMSO-d6)  = 167.0, 158.8, 149.3, 143.5, 136.7, 
134.2, 132.4, 132.3, 131.3, 129.0, 128.7, 128.7, 124.5, 124.0, 
49.2, 14.9. HRMS calculated: m/z ([M+H]+) = 349.0134, 
found: m/z ([M+H]+) = 349.0141. 

6,8-Dichloro-4-((4-fluorobenzyl)oxy)quinazoline 
(10o). According to GP B-1, 10o was synthesized starting 
from 12a (20.0 mg, 93 µmol), K2CO3 (12.9 mg, 93 µmol), 4-
fluorobenzyl chloride (11 µL, 93 µmol) in MeCN (1.2 mL). 
After purification of the crude product using semi-prep 
HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 5  100% MeCN 
+ 0.05% FA over 30 min, 10 mL/min, column B, 10o at 87% 
MeCN + 0.05% FA) 10o (18.0 mg, 56 µmol, 60%) was iso-
lated as a colorless solid. LC-MS m/z ([M+H]+) = 323.06, tr = 
3.87 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 
8.74 (s, 1H), 8.15 (d, J = 2.3 Hz, 1H), 8.04 (d, J = 2.3 Hz, 1H), 
7.48 - 7.43 (m, 2H), 7.21 - 7.15 (m, 2H), 5.18 (s, 2H). 13C NMR 
(126 MHz, DMSO-d6)  = 161.7 (d, J = 243.6 Hz, 1C), 158.8, 
149.2, 143.4, 134.1, 132.4 (d, J = 3.2 Hz, 1C), 132.4, 131.2, 
130.1 (d, J = 9.2 Hz, 1C), 124.4, 124.1, 115.4 (d, J = 21.1 Hz, 
1C), 48.8. HRMS calculated: m/z ([M+H]+) = 323.0137, 
found: m/z ([M+H]+) = 323.0149. 

6,8-Dichloro-4-((4-chlorobenzyl)oxy)quinazoline 
(10p). Applying GP B-1 under usage of 12a (20.0 mg, 
93 µmol), K2CO3 (12.9 mg, 93 µmol), 4-chlorobenzyl chlo-
ride (12 µL, 93 µmol), and MeCN (1.2 mL) led to 10p 
(14.6 mg, 43 µmol, 46%) as a colorless solid after purifica-
tion via semi-prep HPLC (MeCN + 0.05% FA/H2O + 0.05% 
FA, 5  100% MeCN + 0.05% FA over 30 min, 10 mL/min, 
column B, 10p at 97% MeCN + 0.05% FA). LC-MS m/z 
([M+H]+) = 339.05, tr = 4.07 min, purity: > 98%. 1H NMR 
(DMSO-d6, 500 MHz)  = 8.73 (s, 1H), 8.17 (d, 1H, J=2.3 Hz), 
8.05 (d, 1H, J=2.3 Hz), 7.42 (s, 4H), 5.20 (s, 2H). 13C NMR 
(DMSO-d6, 126 MHz)  = 158.8, 149.2, 143.5, 135.2, 134.2, 
132.5, 132.4, 131.2, 129.8, 128.6, 124.4, 124.1, 48.8. HRMS 
calculated: m/z ([M+H]+) = 338.9853, found: m/z ([M+H]+) 
= 338.9844. 

6,8-Dichloro-4-((4-methoxybenzyl)oxy)quinazoline 
(10r). Following GP B-1 by using 12a (20.0 mg, 93 µmol), 
K2CO3 (12.9 mg, 93 µmol), 4-methoxybenzyl chloride 
(13 µL, 93 µmol), and MeCN (1.2 mL), 10r (1.7 mg, 5 µmol, 
5%) was obtained as a colorless solid after purification by 
semi-prep HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 
5  80% MeCN + 0.05% FA over 30 min, 10 mL/min, column 
B, 10r at 53% MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 
335.10, tr = 3.81 min, purity: > 98%. 1H NMR (DMSO-d6, 500 
MHz)  = 8.72 (s, 1H), 8.16 (d, 1H, J=2.3 Hz), 8.06 (d, 1H, 
J=2.3 Hz), 7.35 (d, 2H, J=8.5 Hz), 6.90 (d, 2H, J=8.5 Hz), 5.13 
(s, 2H), 3.72 (s, 3H). 13C NMR (DMSO-d6, 126 MHz)  = 158.9, 
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158.7, 149.2, 143.4, 134.1, 132.4, 131.2, 129.5, 128.2, 124.4, 
114.0, 113.8, 55.1, 48.9. HRMS calculated: m/z ([M+H]+) = 
335.0349, found: m/z ([M+H]+) = 335.0336. 

6,8-Dichloro-4-((4-methylbenzyl)oxy)quinazoline 
(10s). According to GP B-1, 10s (127.6 mg, 0.40 mmol, 
86%) was synthesized and isolated after washing with DCM 
as a yellow solid. For this reaction, 12s (100.0 mg, 
0.47 mmol), K2CO3 (64.3 mg, 0.47 mmol), 4-methylbenzyl 
chloride (62  µL, 0.47 mmol), and MeCN (5.8 mL) were used. 
LC-MS m/z ([M+H]+) = 319.04, tr = 4.70 min, purity: > 98%. 
1H NMR (DMSO-d6, 500 MHz)  = 8.71 (s, 1H), 8.16 (d, 1H, 
J=2.4 Hz), 8.05 (d, 1H, J=2.4 Hz), 7.2-7.3 (m, 2H, J=8.1 Hz), 
7.1-7.2 (m, 2H, J=7.9 Hz), 5.15 (s, 2H), 2.26 (s, 3H). 13C NMR 
(DMSO-d6, 126 MHz)  = 159.2, 149.7, 143.9, 137.6, 134.6, 
133.7, 132.9, 131.7, 129.6, 128.3, 124.9, 124.5, 49.6, 21.1. 
HRMS calculated: m/z ([M+H]+) = 319.0399, found: m/z 
([M+H]+) = 319.0396. 

1-(4-Methoxy-3-(((8-(trifluoromethyl)quinazolin-4-
yl)oxy)methyl)phenyl)ethan-1-one (10t). Starting from 
12a (20.0 mg, 93 µmol), K2CO3 (12.9 mg, 93 µmol), 4-tri-
fluoromethylbenzyl chloride (14 µL, 93 µmol), and MeCN 
(5.8 mL), 10t was synthesized according to GP B-1. After 
purification via semi-prep HPLC 
(MeCN + 0.05% FA/H2O + 0.05% FA, 5  100% MeCN + 
0.05% FA over 30 min, 10 mL/min, column B, 10t at 92% 
MeCN + 0.05% FA), 10t (0.06 mmol, 64%) was isolated as a 
colorless solid. LC-MS m/z ([M+H]+) = 373.08, tr = 4.11 min, 
purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 8.75 (s, 1H), 
8.17 (d, J = 2.3 Hz, 1H), 8.04 (d, J = 2.3 Hz, 1H), 7.71 (d, J = 
8.2 Hz, 2H), 7.59 (d, J = 8.2 Hz, 2H), 5.30 (s, 2H). 13C NMR 
(126 MHz, DMSO-d6)  = 196.3, 161.1, 149.8, 145.2, 132.1 
(q, 4JCF = 5.2 Hz), 131.2, 130.9 (q, 3JCF = 15.6 Hz), 129.8, 129.4, 
126.6, 124.7, 124.9 (q, 2JCF = 30.0 Hz), 123.6, 122.8, 121.4 (q, 
JCF = 261.0 Hz), 110.8, 56.2, 45.8, 26.4. HRMS calculated: m/z 
([M+H]+) = 373.0117, found: m/z ([M+H]+) = 373.0103. 

6,8-Dichloro-4-((5-ethyl-2-methoxyben-
zyl)oxy)quinazoline (10x). According to GP E, starting 
material 10ae (30.0 mg, 72 µmol) was converted under us-
age of ethyl boronic acid (26.7 mg, 362 µmol), K2CO3 
(0.180 µmol), and [Pd(PPh3)4] (4.6 mg, 4 µmol) in 1,4-diox-
ane (1.4 mL) and water (0.2 mL) to give 10x (1.7 mg, 
5 µmol, 6%) as a colorless solid after purification of the 
crude product via semi-prep HPLC 
(MeCN + 0.05% FA/H2O + 0.05% FA, 75  100% MeCN + 
0.05% FA over 30 min, 10 mL/min, column B, 10x at 85% 
MeCN + 0.05% FA). LC-MS m/z ([M+H]+) new = 363.13, tr = 
4.27 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 
8.58 (s, 1H), 8.15 (d, J = 2.4 Hz, 1H), 8.05 (d, J = 2.4 Hz, 1H), 
7.13 (dd, J = 2.0, 8.3 Hz, 1H), 7.07 (d, J = 2.0 Hz, 1H), 6.94 (d, 
J = 8.3 Hz, 1H), 5.08 (s, 2H), 3.79 (s, 3H), 1.11 (t, J = 7.6 Hz, 
3H); quartet overlapped by DMSO peak (see HSQC spectrum 
Figure S210). 13C NMR (126 MHz, DMSO-d6)  = 158.8, 
155.3, 149.8, 143.5, 135.5, 134.1, 132.3, 131.1, 129.3, 128.4, 
124.5, 124.1, 123.0, 111.0, 55.6, 46.1, 27.2, 15.9. HRMS cal-
culated: m/z ([M+H]+) = 363.0662, found: m/z ([M+H]+) = 
363.0652. 

1-(3-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)-4-
ethylphenyl)ethan-1-one (10y). According to GP E, 10ao 
(30.0 mg, 70 µmol), ethyl boronic acid (13.0 mg, 352 µmol), 
K2CO3 (24.3 mg, 176 µmol), [Pd(PPh3)4] (8.0 mg, 8 µmol), 
1,4-dioxane (1.4 mL), and water (0.2 mL) were used for the 
synthesis of 10y (8.9 mg, 24 µmol, 34%) that was obtained 

as a colorless solid after purification via semi-prep HPLC 
(MeCN + 0.05% FA/H2O + 0.05% FA, 5  100% MeCN + 
0.05% FA over 30 min, 10 mL/min, column B, 10y at 87% 
MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 375.26, tr = 
4.91 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 
8.66 (s, 1H), 8.18 (d, J = 2.4 Hz, 1H), 8.06 (d, J = 2.4 Hz, 1H), 
7.86 (dd, J = 1.4, 7.9 Hz, 1H), 7.54 (d, J = 1.4 Hz, 1H), 7.42 (d, 
J = 7.9 Hz, 1H), 5.30 (s, 2H), 2.82 (q, J = 7.6 Hz, 2H), 2.48 (s, 
3H), 1.19 (t, J = 7.6 Hz, 3H). 13C NMR (126 MHz, DMSO-d6)  
= 197.4, 158.8, 149.4, 147.4, 143.4, 134.9, 134.3, 134.0, 
132.5, 131.4, 129.0, 128.2, 126.3, 124.5, 123.9, 46.8, 26.6, 
25.0, 14.4. HRMS calculated: m/z ([M+H]+) = 375.0662, 
found: m/z ([M+H]+) = 375.0659. 

1-(3-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)-2-
methoxyphenyl)ethan-1-one (10z). Applying GP I under 
usage of 26z (243.0 mg, 1.48 mmol), NBS (263.4 mg, 
1.48 mmol), AIBN (48.6 mg, 0.30 mmol), and CCl4 (3.0 mL) 
gave 27z (183.4 mg, 0.75 mmol, 51%) as a yellow oil. Rf 

(PB/EtOAc, 9:1) = 0.23. One part of this oil (31.6 mg, 
0.13 mmol) was directly converted under usage of 12a 
(27.1 mg, 0.13 mmol), K2CO3 (17.4 mg, 0.13 mmol), and 
MeCN (1.6 mL). Thereby, 10z (20.8 mg, 55 µmol, 44%) was 
obtained as a colorless solid after purification by semi-prep 
HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 5  100% MeCN 
+ 0.05% FA over 30 min, 10 mL/min, column B, 10z at 83% 
MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 377.21, tr = 
4.60 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 
8.66 (s, 1H), 8.17 (d, J = 2.4 Hz, 1H), 8.03 (d, J = 2.4 Hz, 1H), 
7.56 (dd, J = 1.5, 7.7 Hz, 1H), 7.37 (dd, J = 1.5, 7.7 Hz, 1H), 
7.16 (t, J = 7.7 Hz, 1H), 5.24 (s, 2H), 3.78 (s, 3H), 2.57 (s, 3H). 
13C NMR (126 MHz, DMSO-d6)  = 199.8, 158.8, 156.7, 149.7, 
143.5, 134.1, 132.9, 132.7, 132.4, 131.2, 129.8, 129.4, 124.4, 
124.1, 123.9, 62.6, 45.7, 30.1. HRMS calculated: m/z 
([M+H]+) = 377.0454, found: m/z ([M+H]+) = 377.0441. 

1-(4-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)-3-
methoxyphenyl)ethan-1-one (10aa). To synthesize 
10aa, GP B-2 was applied using 12a (24.0 mg, 0.11 mmol), 
27aa (26.5 mg, 0.11 mmol), Cs2CO3 (36.0 mg, 0.11 mmol), 
and MeCN (1.0 mL). The product 10aa (31.0 mg, 82 µmol, 
75%) was isolated by AFC (DCM/MeOH, 0  10% MeOH 
over 15 min, 13 mL/min, 4 g silica, 10aa at 6% MeOH) as a 
white solid. LC-MS m/z ([M+H]+) = 377.03, tr = 3.69 min, pu-
rity: > 98%.1H NMR (500 MHz, DMSO-d6)  = 8.64 (s, 1H), 
8.17 (d, J = 2.3 Hz, 1H), 8.03 (d, J = 2.3 Hz, 1H), 7.53 (dd, J = 
1.3, 7.9 Hz, 1H), 7.50 - 7.47 (m, 1H), 7.30 (d, J = 7.9 Hz, 1H), 
5.17 (s, 2H), 3.92 (s, 3H), 2.57 (s, 3H). 13C NMR (126 MHz, 
DMSO-d6)  = 197.9, 159.3, 157.5, 150.3, 143.9, 138.3, 134.6, 
132.8, 131.6, 129.9, 129.2, 124.9, 124.5, 121.4, 109.9, 56.2, 
46.5, 27.3. HRMS calculated: m/z ([M+H]+) = 377.0454, 
found: m/z ([M+H]+) = 377.0442. 

1-(2-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)-3-
methoxyphenyl)ethan-1-one (10ab). The application of 
GP B-1 on 12a (30.0 mg, 0.14 mmol) with K2CO3 (19.3 mg, 
0.14 mmol), benzyl bromide 27ab (34.0 mg, 0.14 mmol), 
and MeCN (1.8 mL) led to pure orange solid 10ab (41.2 mg, 
0.11 mmol, 78%) after filtration. LC-MS m/z ([M+H]+) = 
377.23, tr = 4.83 min, purity: > 98%. 1H NMR (500 MHz, 
CDCl3)  = 8.28 (s, 1H), 8.13 (s, 1H), 7.75 (s, 1H), 7.39 (t, J = 
7.7 Hz, 1H), 7.27 (d, J = 7.7 Hz, 1H), 7.01 (d, J = 7.7 Hz, 1H), 
5.29 (s, 2H), 3.84 (s, 3H), 2.72 (s, 3H). 13C NMR (126 MHz, 
CDCl3)  = 202.5, 159.5, 158.8, 148.3, 143.4, 142.6, 134.2, 
132.5, 132.2, 129.8, 125.0, 124.3, 120.4, 119.9, 113.2, 55.8, 
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42.8, 29.6. HRMS calculated: m/z ([M+H]+) = 377.0454, 
found: m/z ([M+H]+) = 377.0450. 

1-(3-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)-5-
methoxyphenyl)ethan-1-one (10ac). The alkyl bromina-
tion was performed according to GP I using 26ac 
(211.1 mg, 1.29 mmol), AIBN (42.2 mg, 0.26 mmol), NBS 
(228.8 mg, 1.29 mmol), and CCl4 (2.6 mL). One part 
(34.0 mg) of resulting 27ac (75.7 mg, crude) was directly 
used for the next step without further purification. 
Rf (PB/EtOAc, 9:1) = 0.44. Performing GP B-1 on 12a 
(30.0 mg, 0.14 mmol) with K2CO3 (19.3 mg, 0.14 mmol), 
benzyl bromide 27ac (34.0 mg, crude), and MeCN (1.8 mL) 
led to pure yellow solid 10ac (46.6 mg, 0.12 mmol, 88%) af-
ter filtration. LC-MS m/z ([M+H]+) = 377.23, tr = 4.66 min, 
purity: 96%. 1H NMR (500 MHz, CDCl3)  = 8.14 (s, 2H), 7.76 
(s, 1H), 7.45 (s, 1H), 7.36 (s, 1H), 7.01 (s, 1H), 5.13 (s, 2H), 
3.77 (s, 3H), 2.51 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 
197.2, 160.4, 159.5, 146.7, 143.4, 139.2, 136.9, 134.8, 133.2, 
125.3, 124.2, 120.3, 118.9, 113.0, 55.7, 49.8, 26.7. HRMS cal-
culated: m/z ([M+H]+) = 377.0454, found: m/z ([M+H]+) = 
377.0450. 

1-(5-(((6,8-Dichloroquinazolin-4-yl)oxy)methyl)-2-
methoxyphenyl)ethan-1-one (10ad). Following GP B-1, 
quinazoline 12a (14.0 mg, 65 µmol) was converted with 
K2CO3 (9.0 mg, 65 µmol) and benzyl bromide 27ad (7.8 mg, 
crude) in MeCN (0.8 mL) to 10ad (18.1 mg, 48 µmol, 74%) 
which was obtained as a beige solid after filtration. LC-MS 
m/z ([M+H]+) = 377.24, tr = 4.65 min, purity: > 98%. 1H NMR 
(500 MHz, CDCl3)  = 8.22 (s, 1H), 8.21 (d, J = 2.4 Hz, 1H), 
7.82 (d, J = 2.4 Hz, 1H), 7.74 (d, J = 2.4 Hz, 1H), 7.51 (dd, J = 
2.4, 8.5 Hz, 1H), 6.97 (d, J = 8.7 Hz, 1H), 5.14 (s, 2H), 3.91 (s, 
3H), 2.60 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 199.1, 
159.5, 159.1, 146.8, 143.4, 134.7, 133.8, 133.1, 133.0, 130.3, 
128.5, 127.2, 125.2, 124.3, 112.4, 55.7, 49.5, 31.8. HRMS cal-
culated: m/z ([M+H]+) = 377.0454, found: m/z ([M+H]+) = 
377.0449. 

1-(3-(((6,8-dichloroquinazolin-4-yl)oxy)methyl)-4-
(pyridin-3-yl)phenyl)ethan-1-one (10ae). Following GP 
E, 10ai (32.5 mg, 76 µmol), 3-pyridyl boronic acid (11.2 mg, 
91 µmol), K2CO3 (26.4 mg, 191 µmol), [Pd(PPh3)4] (4.4 mg, 
4 µmol), 1,4-dioxane (1.5 mL), and water (0.3 mL) were 
used for the synthesis of 10ae (7.0 mg, 16 µmol, 21%) that 
was obtained as a colorless solid after purification via semi-
prep HPLC (MeCN + 0.05% FA/H2O + 0.05% FA, 5  100% 
MeCN + 0.05% FA over 30 min, 10 mL/min, column B, 10ae 
at 62% MeCN + 0.05% FA). LC-MS m/z ([M+H]+) = 424.14, 
tr = 3.15 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  
= 8.64 (d, J = 4.9 Hz, 1H), 8.41 (s, 1H), 8.15 (d, J = 2.4 Hz, 1H), 
8.00 (d, J = 7.9 Hz, 1H), 7.96 (d, J = 2.4 Hz, 1H), 7.90 (br d, J 
= 7.8 Hz, 1H), 7.74 (s, 1H), 7.52 (dd, J = 4.9, 7.8 Hz, 2H), 7.48 
(d, J = 7.9 Hz, 1H), 5.21 (s, 2H), 2.56 (s, 3H). 13C NMR 
(126 MHz, DMSO-d6)  = 197.5, 158.6, 149.2, 149.1, 149.0, 
143.3, 142.1, 136.6, 136.4, 134.8, 134.4, 134.2, 132.4, 131.2, 
131.0, 128.0, 126.7, 124.4, 123.9, 123.5, 47.9, 26.8. HRMS 
calculated: m/z ([M+H]+) = 424.0614, found: m/z ([M+H]+) 
= 424.0601. 

6,8-Dichloro-4-((2,6-dimethoxybenzyl)oxy)quinazo-
line (10af). Preparation of methyl bromide (step 1). Starting 
from 2,6-dimethoxytoluene (457.0 mg, 3.00 mmol), GP I 
was performed using AIBN (50.0 mg, 0.15 mmol), NBS 
(535.0 mg, 3.00 mmol), and CCl4 (6.0 mL). A full conversion 
was reached already after 3 h. After concentration in vacuo, 

the resulting oily residue was re-suspended in ether. A 
white solid precipitated and was filtered off. The mother liq-
uor, containing 27af, was concentrated in vacuo and used 
without further purification in the next step. Rf (Hex/DCM, 
4:1) = 0.50.53 

O-Alkylation of quinazolinone (step 2). Following GP B-2 un-
der usage of 12a (21.5 mg, 0.10 mmol), 27af (23.0 mg, 
crude), Cs2CO3 (33.0 mg, 0.10 mmol), and MeCN (1.0 mL). 
The resulting crude product was purified by AFC 
(DCM/MeOH, 0  10% MeOH over 15 min, 13 mL/min, 4 g 
silica, 10af at 5% MeOH) to give white solid 10af (22 mg, 
60 µmol, 60%). LC-MS m/z ([M+H]+) = 365.45, tr = 3.92 min, 
purity:  98%. 1H NMR (500 MHz, CDCl3)  = 8.24 (d, J = 
2.3 Hz, 1H), 8.08 (s, 1H), 7.78 (d, J = 2.3 Hz, 1H), 7.32 (t, J = 
8.4 Hz, 1H), 6.59 (d, J = 8.4 Hz, 2H), 5.24 (s, 2H), 3.83 (s, 6H). 
13C NMR (126 MHz, CDCl3)  = 159.5, 159.0, 147.6, 143.4, 
134.1, 132.5, 132.2, 130.9, 125.2, 124.2, 109.9, 103.7, 55.8, 
39.0. HRMS calculated: m/z ([M+H]+) 365.0454, found: m/z 
([M+H]+) = 365.0440. 

4-(Benzo[d][1,3]dioxol-4-ylmethoxy)-6,8-dichloro-
quinazoline (10ag). According to GP B-2, 12a (24.0 mg, 
0.11 mmol) was converted using 4-(bromome-
thyl)benzo[d][1,3]dioxole (24.0, 0.11 mmol), Cs2CO3 
(36.0 mg, 0.11 mmol) and MeCN (1.0 mL). The product 
10ag (17.2 mg, 49 µmol, 45%) was isolated by AFC 
(DCM/MeOH, 0  10% MeOH over 15 min, 13 mL/min, 4 g 
silica, 10ag at 8% MeOH) as a colorless solid. LC-MS m/z 
([M+H]+) = 34919, tr = 4.79 min, purity: > 98%. 1H NMR 
(500 MHz, CDCl3)  = 8.28 (s, 1H), 8.11 (d, J = 2.4 Hz, 1H), 
7.73 (d, J = 2.4 Hz, 1H), 6.88 (dd, J = 1.7, 7.3 Hz, 1H), 6.77 - 
6.71 (m, 2H), 5.91 (s, 2H), 5.07 (s, 2H). 13C NMR (126 MHz, 
CDCl3)  = 159.4, 147.7, 147.5, 146.0, 143.4, 134.6, 132.9, 
132.8, 125.2, 124.3, 123.0, 122.2, 116.3, 109.2, 101.4, 44.9. 
HRMS calculated: m/z ([M+H]+) = 349.0141, found: m/z 
([M+H]+) = 349.0129. 

4-((5-Bromo-2-methoxybenzyl)oxy)-6,8-dichloro-
quinazoline (10ah). According to GP B-1, 2s (200.0 mg, 
0.93 mmol), K2CO3 (128.5 mg, 0.93 mmol), benzyl bromide 
27ah (260.4 mg, crude), and MeCN (11.6 mL) were used for 
the preparation of colorless solid 10ah (298.4 mg, 
0.72 mmol, 77%). LC-MS m/z ([M+H]+) = 413.06, tr = 
5.56 min, purity: 98%. 1H NMR (500 MHz, DMSO-d6)  = 
8.60 (s, 1H), 8.12 (s, 1H), 8.02 (s, 1H), 7.51 - 7.44 (m, 1H), 
7.41 (s, 1H), 7.00 (d, J = 8.7 Hz, 1H), 5.08 (s, 2H), 3.83 (s, 3H). 
13C NMR (126 MHz, DMSO-d6)  = 158.8, 156.5, 149.7, 143.4, 
134.0, 132.3, 132.3, 131.9, 131.0, 125.7, 124.4, 124.1, 113.3, 
111.6, 55.9, 45.9. HRMS calculated: m/z ([M+H]+) = 
412.9454, found: m/z ([M+H]+) = 412.0440. 

1-(4-Bromo-3-(((6,8-dichloroquinazolin-4-yl)oxy)me-
thyl)phenyl)ethan-1-one (10ai). First, 27ai was synthe-
sized following GP I. For this reaction, 1-(4-bromo-3-
methylphenyl)ethan-1-one (60.0 mg, 0.28 mmol), AIBN 
(9.3 mg, 57 µmol), NBS (50.1 mg, 0.28 mmol), and CCl4 
(0.6 mL) were used, giving 27ai (77.7 mg, 0.26 mmol, 94%) 
as a colorless oil. Rf  (PB/EtOAc = 98:2) = 4.62. Then, 10ai 
was synthesized according to GP B-1. Usage of 12a 
(56.6 mg, 0.26 mmol), K2CO3 (36.3 mg, 0.26 mmol) and ben-
zyl bromide 27ai (76.8 mg, 0.26 mmol), and MeCN (3.3 mL) 
resulted in 10ai (89.2 mg, 0.26 mmol, 80%) as a colorless 
solid. LC-MS m/z ([M+H]+) = 425.10, tr = 5.09 min, purity: 
97%. 1H NMR (500 MHz, CDCl3)  = 8.35 (s, 1H), 8.21 (d, J = 
2.3 Hz, 1H), 8.01 (d, J = 1.9 Hz, 1H), 7.85 (d, J = 2.3 Hz, 1H), 
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7.79 (dd, J = 1.9, 8.2 Hz, 1H), 7.73 (d, J = 8.2 Hz, 1H), 5.35 - 
5.31 (m, 2H), 2.58 (s, 3H), 1.26 (s, 1H). 13C NMR (126 MHz, 
CDCl3)  = 196.4, 159.6, 147.1, 143.3, 136.7, 134.9, 134.4, 
133.8, 133.2, 133.2, 130.9, 129.7, 129.2, 125.3, 124.2, 50.3, 
26.6. 

6,8-Dichloroquinazolin-4(3H)-one (12a). We have re-
35 

8-Chloroquinazolin-4(3H)-one (12b). According to GP A, 
3-chloro anthranilic acid (200.0 mg, 1.17 mmol), forma-
mide (9.8 mL), and acetic acid (1.0 mL) were used to afford 
12b (144.3 mg, 1.17 mmol, 69%) as a beige solid. LC-MS 
m/z ([M+H]+) = 181.04, tr = 2.56 min, purity: > 98%. 1H NMR 
(500 MHz, DMSO-d6)  = 12.53 (br s, 1H), 8.22 (s, 1H), 8.08 
(dd, J = 1.4, 7.9 Hz, 1H), 7.97 (dd, J = 1.4, 7.9 Hz, 1H), 7.50 (t, 
J = 7.9 Hz, 1H).54 13C NMR (126 MHz, DMSO-d6)  = 160.3, 
146.5, 145.3, 134.5, 130.8, 127.2, 125.1, 124.4. 

7-Chloroquinazolin-4(3H)-one (12c). Following GP A, 
4-chloro anthranilic acid (200.0 mg, 1.17 mmol) was con-
verted using formamide (9.8 mL), and acetic acid (1.0 mL). 
Since only a small amount of solid was formed by pouring 
the reaction mixture into ice water, the aqueous solution 
was extracted using DCM (4 x 50 mL) after filtration. The 
organic layers were combined and dried over Na2SO4, fil-
tered, and concentrated to dryness in vacuo affording the 
corresponding product 12c (133.0 mg, 0.74 mmol, 63%) as 
a beige solid. LC-MS m/z ([M+H]+) = 181.04, tr = 2.77 min, 
purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 12.42 (br s, 
1H), 8.14 (s, 1H), 8.10 (d, J = 8.5 Hz, 1H), 7.72 (d, J = 1.3 Hz, 
1H), 7.55 (dd, J = 1.3, 8.5 Hz, 1H).54 13C NMR (126 MHz, 
DMSO-d6)  = 160.2, 149.9, 147.0, 139.0, 128.0, 127.1, 126.5, 
121.5. 

6-Chloroquinazolin-4(3H)-one (12d). Under usage of 5-
chloro anthranilic acid (200.0 mg, 1.17 mmol), formamide 
(9.8 mL), and acetic acid (1.0 mL) the synthesis according to 
GP A gave brown needles (141.7 mg, 0.79 mmol, 67%) that 
crystallized overnight from the mother liquor. LC-MS m/z 
([M+H]+) = 181.05, tr = 2.76 min, purity: > 98%. 1H NMR 
(500 MHz, DMSO-d6)  = 12.46 (br s, 1H), 8.13 (s, 1H), 8.05 
(d, J = 2.5 Hz, 1H), 7.84 (dd, J = 2.5, 8.7 Hz, 1H), 7.69 (d, J = 
8.7 Hz, 1H).54 13C NMR (126 MHz, DMSO-d6)  = 159.8, 
147.5, 146.0, 134.5, 131.1, 129.6, 124.9, 123.9. 

5-Chloroquinazolin-4(3H)-one (12e). This compound 
was synthesized following GP A starting from 6-chloro an-
thranilic acid (200.0 mg, 1.17 mmol), formamide (9.8 mL), 
and acetic acid (1.0 mL). Since no solid was formed by pour-
ing the reaction mixture into ice water, the same work-up 
as for 12c was performed giving beige solid 2e (163.2 mg, 
0.90 mmol, 78%). LC-MS m/z ([M+H]+) = 181.03, tr = 
2.45 min, purity: 92%. 1H NMR (DMSO-d6, 500 MHz)  = 
12.33 (br s, 1H), 8.09 (s, 1H), 7.73 (t, 1H, J=8.0 Hz), 7.61 (d, 
1H, J=8.0 Hz), 7.53 (dd, 1H, J=1.0, 8.0 Hz).54 1H NMR (500 
MHz, DMSO-d6)  = 12.32 (br s, 1H), 8.08 (s, 1H), 7.72 (t, J = 
7.9 Hz, 1H), 7.60 (d, J = 7.9 Hz, 1H), 7.52 (dd, J = 1.0, 7.9 Hz, 
1H). Contains 14 mol% formamide according to 1H NMR 
spectrum. 13C NMR (126 MHz, DMSO-d6)  = 158.9, 151.3, 
146.3, 134.2, 132.4, 129.2, 126.9, 119.6. 

8-Fluoroquinazolin-4(3H)-one (12f). According to GP A, 
12f was synthesized using 3-fluoro anthranilic acid 
(310.3 mg, 2.00 mmol), formamide (21.5 mL), and acetic 
acid (2.2 mL) and was isolated as a light-brown solid 
(146.3 mg, 0.89 mmol, 45%). LC-MS m/z ([M+H]+) = 165.1, 

tr = 2.11 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  
= 12.45 (br s, 1H), 8.14 (s, 1H), 7.93 (d, J = 8.0 Hz, 1H), 7.69 
(ddd, J = 1.2, 8.0, 10.6 Hz, 1H), 7.51 (dt, J = 4.7, 8.0 Hz, 1H).55 
13C NMR (126 MHz, DMSO-d6)  = 159.9 (d, 4JCF = 3.7 Hz), 
156.5 (d, JCF = 252.8 Hz), 146.0, 138.0 (d, 2JCF = 11.9 Hz), 
127.0 (d, 3JCF = 8.3 Hz), 124.7, 121.6 (d, 4JCF = 4.6 Hz), 119.8 
(d, 2JCF = 19.3 Hz). 

8-Bromoquinazolin-4(3H)-one (12g). Following GP A, 
compound 12g (112.1 mg, 0.50 mmol, 57%) was obtained 
as a yellow solid from 3-bromo anthranilic acid (200.0 mg, 
0.88 mmol) heated to reflux in formamide (7.3 mL) and ace-
tic acid (0.7   mL). LC-MS m/z ([M+H]+) = 224.96, tr = 
2.30 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  = 
12.50 (br s, 1H), 8.22 (s, 1H), 8.12 (t, J = 7.5 Hz, 2H), 7.42 (t, 
J = 7.5 Hz, 1H). 13C NMR (126 MHz, DMSO-d6)  = 160.3, 
146.5, 146.2, 137.8, 127.6, 125.7, 124.3, 121.8.56 

8-Methylquinazolin-4(3H)-one (12h). Under usage of 3-
methyl anthranilic acid (302.3 mg, 2.00 mmol), formamide 
(16.7 mL), and acetic acid (1.7 mL) this synthesis was per-
formed following GP A by splitting the batch into two parts 
due to the high reaction volume. Thereby, 12h (210.1 mg, 
1.31 mmol, 66%) was collected as a light-yellow solid. 
LC-MS m/z ([M+H]+) = 161.11, tr = 2.47 min, purity: 90%. 
1H NMR (500 MHz, DMSO-d6)  = 12.23 (br s, 1H), 8.11 (s, 
1H), 7.96 (d, J = 7.6 Hz, 1H), 7.67 (d, J = 7.6 Hz, 1H), 7.39 (t, J 
= 7.6 Hz, 1H), 2.53 (s, 3H). 13C NMR (126 MHz, DMSO-d6)  
= 161.0, 147.2, 144.4, 135.4, 134.7, 126.2, 123.5, 122.6, 
17.3.56 

8-(Trifluoromethyl)quinazolin-4(3H)-one (12i). Apply-
ing GP A with 3-trifluoromethyl anthranilic acid (100.0 mg, 
0.49 mmol), formamide (4.1 mL), and acetic acid (0.4 mL), 
light yellow solid 12i (88.5 mg, 0.41 mmol, 85%) was syn-
thesized. LC-MS m/z ([M+H]+) = 215.05, tr = 3.10 min, pu-
rity: 97%.1H NMR (500 MHz, DMSO-d6)  = 12.6 (br s, 1H), 
8.40 (d, J = 7.6 Hz, 1H), 8.27 (s, 1H), 8.19 (d, J = 7.6 Hz, 1H), 
7.66 (t, J = 7.6 Hz, 1H). 13C NMR (126 MHz, DMSO-d6)  = 
159.9, 146.9, 146.2, 145.9 (q, 2JCF = 19.2 Hz), 131.97 (q, 4JCF= 
5.2 Hz), 130.6, 126.1, 124.8 (q, 3JCF = 8.3 Hz), 125.02 (q, JCF = 
284.0 Hz). 

8-(Methoxycarbonyl)-4-oxo-3,4-dihydroquinazolin-1-
ium chloride (12j). First, the corresponding carboxy 
quinazoline (266.5 mg, 1.39 mmol, 70%) was synthesized 
following GP A starting from 3-carboxy anthranilic acid 
(362.3 mg, 2.00 mmol), formamide (16.7 mL) and acetic 
acid (1.7 mL). The product was precipitated by acidifying 
the mixture of reaction suspension and ice water with aque-
ous HCl (1 M). One part of the resulting pure product 
(200.0 mg, 1.05 mmol) were directly converted to the me-
thyl ester 12j by applying GP C under usage of K2CO3 
(145.5 mg, 1.05 mmol) and MeI (0.1 mL, 1.58 mmol) in DMF 
(1.1 mL). Instead of extraction, the product was filtered off 
after concentrating the reaction mixture in vacuo and sus-
pending the residue in water. Thereby, 12j (141.4 mg, 0.69 
mmol, 66%) was isolated as a white solid. LC-MS m/z 
([M+H]+) = 205.17, tr = 1.86 min, purity: 96%. 1H NMR (500 
MHz, DMSO-d6)  = 9.54 (br s, 1H), 8.56 (s, 1H), 8.51 (dd, J = 
1.4, 7.6 Hz, 1H), 8.34 (dd, J = 1.4, 7.6 Hz, 1H), 7.88 (br s, 1H), 
7.64 (t, J = 7.6 Hz, 1H), 3.53 (s, 3H). 13C NMR (126 MHz, 
DMSO-d6)  = 165.7, 160.4, 149.0, 145.5, 136.0, 129.5, 128.9, 
126.5, 122.0, 33.8. 
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8-Hydroxyquinazolin-4(3H)-one (12m). This brown 
solid (233.7 mg, 1.44 mmol, 72%) was synthesized by fol-
lowing GP A under usage of 3-hydroxy anthranilic acid 
(306.3 mg, 2.00 mmol), formamide (16.6 mL), and acetic 
acid (1.7 mL). LC-MS m/z ([M+H]+) = 163.03, tr = 1.27 min, 
purity: > 98%.1H NMR (500 MHz, DMSO-d6)  = 12.22 (br s, 
1H), 9.72 (s, 1H), 8.04 (s, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.33 
(t, J = 7.6 Hz, 1H), 7.18 (d, J = 7.6 Hz, 1H). 13C NMR (126 MHz, 
DMSO-d6)  = 160.7, 153.0, 143.5, 137.7, 127.3, 123.5, 118.4, 
115.5. 

5,8-Dichloroquinazolin-4(3H)-one (12t). Based on GP A 
using 3,6-dichloro anthranilic acid (200.0 mg, 0.97 mmol), 
formamide (8.1 mL) and acetic acid (0.8 mL), 12t 
(157.9 mg, 0.73 mmol, 76%) was prepared as a beige solid. 
LC-MS m/z ([M+H]+) = 215.01, tr = 2.53 min, purity: > 98%. 
1H NMR (500 MHz, DMSO-d6)  = 12.57 (br s, 1H), 8.21 (s, 
1H), 7.91 (d, J = 8.5 Hz, 1H), 7.51 (d, J = 8.5 Hz, 1H). 13C NMR 
(126 MHz, DMSO-d6)  = 158.6, 147.3, 147.1, 134.1, 131.3, 
130.0, 129.1, 121.0. 

5,7-Dichloroquinazolin-4(3H)-one (12u). 4,6-Dichloro 
anthranilic acid (100.0 mg, 0.49 mmol), formamide 
(4.1 mL), and acetic acid (0.4 mL) were used for the synthe-
sis according to GP A. Thereby, 12u (85.1 mg, 0.40 mmol, 
80%) was isolated as a light-beige solid. LC-MS m/z 
([M+H]+) = 215.01, tr = 2.83 min, purity: > 98%. 1H NMR 
(500 MHz, DMSO-d6)  = 12.43 (br s, 1H), 8.12 (s, 1H), 7.66 
(d, J = 2.0 Hz, 1H), 7.65 (d, J = 2.0 Hz, 1H). 13C NMR 
(126 MHz, DMSO-d6)  = 158.5, 151.9, 147.6, 138.1, 134.0, 
128.6, 126.1, 118.6. 

6-Chloro-8-methylquinazolin-4(3H)-one (12v). Follow-
ing GP A, light-brown solid 12v (84.2 mg, 0.43 mmol, 80%) 
was synthesized by converting 5-chloro-3-methyl an-
thranilic acid (100.0 mg, 0.49 mmol) with formamide 
(4.0 mL) and acetic acid (0.4 mL). LC-MS m/z ([M+H]+) = 
194.94, tr = 2.88 min, purity: 96%. 1H NMR (500 MHz, 
DMSO-d6)  = 12.44 (br s, 1H), 8.15 (s, 1H), 7.88 (d, J = 
2.1 Hz, 1H), 7.78 - 7.70 (m, 1H), 2.51 (s, 3H).57 13C NMR (126 
MHz, DMSO-d6)  = 160.1, 146.1, 145.0, 138.5, 134.4, 130.5, 
123.8, 122.4, 17.1. 

8-Chloro-6-methylquinazolin-4(3H)-one (12w). Accord-
ing to GP A, this synthesis led to 12w (55.4 mg, 0.28 mmol, 
53%) as a light-brown solid. It was performed starting from 
3-chloro-5-methyl anthranilic acid (100.0 mg, 0.54 mmol), 
formamide (4.5 mL) and acetic acid (0.5 mL). LC-MS m/z 
([M+H]+) = 194.98, tr = 2.59 min, purity: > 98%. 1H NMR 
(500 MHz, DMSO-d6)  = 12.39 (br s, 1H), 8.14 (s, 1H), 8.02 
- 7.94 (m, 1H), 7.88 (d, J = 1.7 Hz, 1H), 7.82 (d, J = 1.7 Hz, 1H), 
2.42 (s, 3H).  13C NMR (126 MHz, DMSO-d6)  = 160.2, 145.5, 
143.2, 137.3, 135.5, 130.5, 124.6, 124.0, 20.5. 

6,8-Dimethylquinazolin-4(3H)-one (12x). Performing 
GP A under usage of 3,5-dimethyl anthranilic acid 
(200.0 mg, 1.21 mmol), formamide (10.1 mL), and acetic 
acid (1.0 mL) gave the corresponding product 12x 
(31.0 mg, 0.18 mmol, 15%) as a light-brown solid. LC-MS 
m/z ([M+H]+) = 175.12, tr = 2.52 min, purity: > 98%. 1H NMR 
(500 MHz, DMSO-d6)  = 12.13 (br s, 1H), 8.05 (s, 1H), 7.75 
(s, 1H), 7.50 (s, 1H), 2.50 (s, 3H), 2.39 (s, 3H).58 13C NMR 
(126 MHz, DMSO-d6)  = 160.9, 145.3, 143.5, 136.0, 135.7, 
135.1, 122.9, 122.4, 20.8, 17.2. 

6,8-Dichloroquinazoline-4(3H)-thione (13). According 
to a literature-known procedure44, yellow solid 13 

(188.5 mg, 0.82 mmol, 70%) was synthesized using 12a 
(50.0 mg, 0.23 mmol), mg, 
0.17 mmol, 0.7 equiv), and pyridine (1.1 mL, 0.2 m). LC-MS 
m/z ([M+H]+) = 230.89, tr = 4.23 min, purity: 97%. 1H NMR 
(500 MHz, DMSO-d6)  = 14.21 (br s, 1H), 8.46 (d, J = 2.4 Hz, 
1H), 8.30 (s, 1H), 8.23 (d, J = 2.4 Hz, 1H). 13C NMR (126 MHz, 
DMSO-d6)  = 184.5, 145.2, 140.3, 134.6, 133.4, 132.2, 131.0, 
127.1. 

1-(3-(Aminomethyl)-4-methoxyphenyl)ethan-1-one 
(16). 1-(3-(chloromethyl)-4-methoxyphenyl)ethan-1-one 
15 (165.0 mg, 0.83 mmol) was dissolved in ammonia solu-
tion (7 N in MeOH) and heated to 50 °C for 2 h under micro-
wave irradiation (standard method, CEM microwave syn-
thesis system). The resulting mixture was concentrated in 
vacuo and washed with both, EtOAc and DCM, to obtain 
crude 16 (122.4 mg) as a yellow solid. LC-MS m/z 
([M-NH2+H]+) = 163.03, tr = 1.48 min, purity: 87%. 1H NMR 
(500 MHz, DMSO-d6)  = 8.36 (br s, 2H), 8.08 (d, J = 2.2 Hz, 
1H), 8.03 (dd, J = 2.2, 8.7 Hz, 1H), 7.19 (d, J = 8.7 Hz, 1H), 
4.02 (s, 2H), 3.93 (s, 3H), 2.55 (s, 3H). 13C NMR (126 MHz, 
DMSO-d6)  = 196.3, 161.0, 131.3, 130.6, 129.5, 122.0, 110.8, 
56.2, 37.3, 26.5. 

6,8-Dichloroquinazolin-4-amine (18). According to GP A 
and similar to a literature-known procedure45, yellow solid 
18 (363.4 mg, crude) was synthesized using commercially 
available nitrile 17 (374.04 mg, 2.0 mmol) instead of an an-
thranilic acid, formamide (16.7 mL), and acetic acid 
(1.7 mL). The resulting crude was used without further pu-
rification. LC-MS m/z ([M+H]+) = 214.11, tr = 1.94 min, pu-
rity: 68%. 1H NMR (500 MHz, DMSO-d6)  = 8.48 (s, 1H), 
8.36 (d, J = 2.0 Hz, 1H), 8.15 - 8.01 (m, 3H). 13C NMR 
(126 MHz, DMSO-d6)  = 161.7, 156.9, 145.6, 133.1, 133.0, 
129.2, 122.7, 116.4. 

5-Acetyl-2-methoxybenzoic acid (20). First, compound 
19 was methylated under usage of K2CO3 (138.2 mg, 
1.00 mmol), MeI (62 µL, 1.0 mmol), and DMF (2.0 mL) by 
applying GP C. The obtained crude product was directly 
used for the hydrolysis according to GP F resulting in 20 
(137.8 mg, 0.71 mmol, 71%) as a colorless solid. LC-MS m/z 
([M+H]+) = 195.09, tr = 2.47 min, purity: > 98%. 1H NMR 
(500 MHz, DMSO-d6)  = 12.98 (br s, 1H), 8.21 (d, J = 2.2 Hz, 
1H), 8.12 (dd, J = 2.2, 8.8 Hz, 1H), 7.25 (d, J = 8.8 Hz, 1H), 
3.91 (s, 3H), 2.55 (s, 3H). 1H NMR data published in CDCl359 
13C NMR (126 MHz, DMSO-d6)  = 196.1, 166.8, 161.7, 133.5, 
131.1, 129.0, 121.2, 112.4, 56.3, 26.5. 

2-(2-Methoxyethoxy)benzaldehyde (22c). Similar to a 
literature-known procedure47, 2-hydroxyaldehyde 21 
(200.0 mg, 1.64 mmol), 1-bromo-2-methoxyethane 
(0.2 mL, 2.13 mmol, 1.3 equiv), and K2CO3 (295.9 mg, 
2.13 mmol, 1.0 equiv) were stirred at 60 °C in DMF (0.7 M) 
o/n. Then, the resulting mixture was concentrated in vacuo, 
suspended in water and extracted with DCM (3 x 100 mL). 
The combined organic layers were washed with saturated, 
aqueous NaCl solution (100 mL) and dried over Na2SO4. 
After filtration and drying in vacuo, 22c (295.7 mg, 
1.64 mmol, quant.) was obtained as a brown oil that was 
used without further purification. LC-MS m/z ([M+H]+) = 
181.19, tr = 4.65 min, purity: > 98%. 1H NMR (500 MHz, 
CDCl3)  = 10.54 (s, 1H), 7.84 (dd, J = 1.8, 7.8 Hz, 1H), 7.54 
(s, 1H), 7.04 (t, J = 7.8 Hz, 1H), 7.00 (d, J = 7.8 Hz, 1H), 4.27 - 
4.23 (m, 2H), 3.84 - 3.80 (m, 2H), 3.47 (s, 3H).47 13C NMR 
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(126 MHz, CDCl3)  = 189.8, 161.2, 135.9, 128.3, 125.0, 
121.0, 112.7, 70.8, 68.1, 59.4. 

(2-(2-Methoxyethoxy)phenyl)methanol (23c). Adapting 
a known procedure60, compound 22c was dissolved in 
MeOH (16.0 mL, 0.1 M). To this solution, NaBH4 was added 
in small portions at 0 °C. The ice bath was removed, and the 
mixture allowed to stir at r. t. for 30 min. NaBH4 was 
quenched with water. Then, the mixture was concentrated 
in vacuo, suspended in water and extracted using DCM 
(3 x 100 mL). After combining the organic layers, the or-
ganic phase was washed with saturated, aqueous NaCl solu-
tion (100 mL) and dried over Na2SO4, filtered, and concen-
trated to dryness in vacuo to give 23c (190.6 mg, 1.05 mmol, 
65%) as a brown oil. LC-MS m/z ([M-OH]+) = 165.14, 
tr = 2.78 min, purity: > 98%. 1H NMR (500 MHz, CDCl3)  = 
7.28 - 7.24 (m, 1H), 6.96 (t, J = 7.8 Hz, 1H), 6.91 (d, J = 7.8 Hz, 
1H), 4.68 (s, 2H), 4.24 - 4.19 (m, 2H), 3.79 - 3.73 (m, 2H), 
3.44 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 157.1, 130.3, 
129.1, 128.9, 121.3, 112.5, 70.9, 67.9, 62.3, 59.0. 

2-Methoxy-3-methylbenzoic acid (25z). Application of 
GP C on 3-methyl salicylic acid (500.0 mg, 3.28 mmol), 
K2CO3 (908.4 mg, 6.57 mmol), MeI (0.51 mL, 8.22 mmol), 
and DMF (3.3 mL), followed by GPF on the resulting yellow 
oil (523.5 mg), using aqueous NaOH solution (1 M, 2.9 mL) 
and THF (8.8 mL), led to 25z (420.8 mg, 2.91 mmol, 89% 
over two steps). This compound was used without further 
purification. LC-MS m/z ([M-H]-, [M-OH]+) = 165.19, 149.14, 
tr = 3.26 min, purity: 80%. 1H NMR (500 MHz, DMSO-d6)  = 
12.81 (br s, 1H), 7.50 (dd, J = 1.7, 7.6 Hz, 1H), 7.41 - 7.37 (m, 
1H), 7.08 (t, J = 7.6 Hz, 1H), 3.73 (s, 3H), 2.25 (s, 3H). 
13C NMR (126 MHz, DMSO-d6)  = 167.6, 157.4, 134.4, 132.0, 
128.4, 125.9, 123.4, 61.0, 15.7. NMR data only published in 
CDCl3.61 

3-Methoxy-2-methylbenzoic acid (25ab). Performing 
GP C under usage of 3-hydroxy-2-methylbenzoic acid 
(1.00 g, 6.56 mmol), K2CO3 (1.82 g, 13.18 mmol), MeI 
(1.02 mL, 16.44 mmol), and DMF (6.6 mL), resulted in a yel-
low solid that was directly used for the hydrolysis according 
to GP F. For that, aqueous NaOH solution (1.0 m, 5.8 mL) 
and THF (17.6 mL) were used to give 25ab (1.03 g, 
6.18 mmol, 94% over two steps). This compound was used 
without further purification. LC-MS m/z ([M-H]-) = 165.17, 
tr = 3.33 min, purity: > 98%. 1H NMR (500 MHz, DMSO-d6)  
= 12.88 (br s, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.23 (t, J = 7.6 Hz, 
1H), 7.12 (d, J = 7.6 Hz, 1H), 3.80 (s, 3H), 2.32 (s, 3H). 
13C NMR (126 MHz, DMSO-d6)  = 169.6, 158.0, 133.1, 126.8, 
126.8, 121.8, 113.8, 56.2, 13.1. NMR data only published in 
CDCl3.60 

3-Methoxy-5-methylbenzoic acid (25ac). Following 
GP C, 3-hydroxy-5-methylbenzoic acid (152.2 mg, 
1.00 mmol), K2CO3 (276.4 mg, 2.00 mmol), MeI (0.12 mL, 
2.0 mmol), and DMF (2.0 mL) were used for the methylation 
step. The resulting brown oil was directly used for the hy-
drolysis according to GP F. Under usage of aqueous NaOH 
solution (1.0 m, 3.0 mL) and THF (8.8 mL), the desired 
product 25ac (118.5 mg, 0.71 mmol, 71% over two steps) 
was isolated as a beige solid and used without further puri-
fication. LC-MS m/z ([M-CO2H]+, [M-H]-) = 121.07, 165.36, 
tr = 3.45 min, purity: 95%. 1H NMR (500 MHz, DMSO-d6)  = 
12.94 (s, 1H), 7.35 (s, 1H), 7.24 (s, 1H), 7.01 (s, 1H), 3.77 (s, 
3H), 2.32 (s, 3H). 13C NMR (126 MHz, DMSO-d6)  = 167.2, 

159.2, 139.4, 131.9, 122.3, 119.4, 111.2, 55.2, 20.9. NMR 
data only published in CDCl3.60 

1-(2-Methoxy-5-methylphenyl)ethan-1-one (25ad). 
Performing GP C under usage of 1-(2-hydroxy-5-
methylphenyl)ethan-1-one (150.2 mg, 1.00 mmol), K2CO3 
(138.2 mg, 1.00 mmol), MeI (62 µL, 1.00 mmol), and DMF 
(2.0 mL), revealed 25ad (146.3 mg, 0.89 mmol, 89%) as a 
brown oil that was used without further purification. LC-MS 
m/z ([M+H]+) = 165.13, tr = 3.91 min, purity: > 98%. 1H NMR 
(500 MHz, DMSO-d6)  = 7.37 (d, J = 2.1 Hz, 1H), 7.34 (br d, 
J = 8.4 Hz, 1H), 7.05 (d, J = 8.4 Hz, 1H), 3.84 (s, 3H), 2.50 (s, 
3H), 2.25 (s, 3H). 1H NMR data published in CDCl3.62 
13C NMR (126 MHz, DMSO-d6)  = 198.9, 156.5, 134.2, 129.6, 
129.2, 127.5, 112.5, 55.8, 31.6, 19.8. 

1-(2-Methoxy-3-methylphenyl)ethan-1-one (26z). GP G 
was applied on 25z (276.5 mg, 1.66 mmol) under usage of 
MeLi solution (1.9 M in Et2O, 3.5 mL, 6.65 mmol), dry Et2O 
(12.8 mL). Extraction with DCM (3 x 40.0 mL) afforded 26z 
(246.9 mg) as a light-yellow oil and was used without fur-
ther purification. LC-MS m/z ([M+H]+) = 165.17, 
tr = 3.89 min, purity: 80%. 1H NMR (500 MHz, CDCl3)  = 
7.37 (dd, J = 1.4, 7.6 Hz, 1H), 7.25 (d, J = 7.6 Hz, 1H), 7.00 (t, 
J = 7.6 Hz, 1H), 3.69 (s, 3H), 2.56 (s, 3H), 2.26 (s, 3H). 
13C NMR (126 MHz, CDCl3)  = 201.1, 157.6, 135.0, 133.4, 
132.1, 127.5, 124.0, 61.8, 30.5, 16.0. 

1-(3-Methoxy-4-methylphenyl)ethan-1-one (26aa). 
Similar to a literature-known procedure63 26aa was syn-
thesized. 

Weinreb amide formation (step 1). To a solution of commer-
cial 3-methoxy-4-methylbenzoic acid (86.0 mg, 0.52 mmol) 
in dry DCM (1.5 mL, 0.34 m) one drop of anhydrous DMF 
was added followed by oxalyl chloride (100 10 mmol). 
The resulting reaction mixture was refluxed at 50 oC for 2 h. 
Then, the reaction mixture was dried in vacuo affording 
crude acid chloride (96.0 mg, 0.52 mmol, quant.), which was 
used in the subsequent step without additional purification. 
For this, the obtained acid chloride was dissolved in anhy-
drous THF (3.0 mL, 0.17 M) and stirred vigorously at r. t. for 
2 h after addition of triethylamine (202  mmol) and 
N,O-dimethylhydroxylammoium chloride (56.0 mg, 
0.57 mmol). The reaction mixture was then concentrated in 
vacuo and subjected to AFC (Hex/EtOAc 0  100% EtOAc 
over 18 min, 12 g silica, 18 mL/min, product at 45% EtOAc) 
to furnish the corresponding Weinreb amide (107.0 mg, 
0.51 mmol, 98%) as a colorless solid. Rf (Hex/EtOAc, 3:1) = 
0.40. 1H NMR (500 MHz, CDCl3)  = 7.21 (d, J = 7.7 Hz, 1H), 
7.18 (s, 1H), 7.15 (d, J = 7.7 Hz, 1H), 3.86 (s, 3H), 3.59 (s, 3H), 
3.36 (s, 3H), 2.25 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 
169.9, 157.3, 132.5, 130.0, 129.7, 120.3, 110.0, 61.0, 55.4, 
34.1, 16.3. 

Alkylation starting from Weinreb amide (step 2). Under ni-
trogen atmosphere, the previously obtained Weinreb amide 
(107.0 mg, 0.51 mmol) was dissolved in dry THF (5.0 mL, 
0.1 M) and cooled to 0 oC. Then, the solution of MeMgBr 
(1.0 mL, 1.0 M in THF) was added dropwise to the reaction 
mixture, which was subsequently allowed to reach r. t. and 
stirred for 2 h. By adding aqueous, saturated solution of 
NH4Cl, the Grignard reagent was quenched and the mixture 
was extracted with ether. The combined organic fractions 
were washed with saturated, aqueous NaCl solution, dried 
over anhydrous Na2SO4 and concentrated under reduced 
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pressure after filtration to give pure ketone 26aa (83.5 mg, 
0.51 mmol, quant.). Rf (Hex/EtOAc, 9:1) = 0.35. 1H NMR 
(500 MHz, DMSO-d6)  = 7.51 (dd, J = 1.5, 7.6 Hz, 1H), 7.40 
(d, J = 1.5 Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 3.85 (s, 3H), 2.56 
(s, 3H), 2.21 (s, 3H). 13C NMR (126 MHz, DMSO-d6)  = 
197.4, 157.4, 136.2, 131.9, 130.5, 121.1, 108.6, 55.3, 26.7, 
16.2. NMR spectra published in CDCl3.64 

1-(3-Methoxy-2-methylphenyl)ethan-1-one (26ab). 
Starting from 25ab (300.0 mg, 1.81 mmol) and MeLi solu-
tion (1.9 m in Et2O, 3.8 mL) in dry Et2O (13.8 mL), 26ab 
(123.7 mg, 0.75 mmol, 42%) was synthesized according to 
GP G and isolated as a colorless solid after purification by 
AFC (petroleum benzine (PB)/EtOAc, 0  30% EtOAc over 
15 min, 13 mL/min, 4 g silica, 26ab at 13% EtOAc). LC-MS 
m/z ([M+H]+) = 165.13, tr = 3.89 min, purity: > 98%. 
1H NMR (500 MHz, CDCl3)  = 7.22 (t, J = 7.8 Hz, 1H), 7.16 
(d, J = 7.8 Hz, 1H), 6.96 (d, J = 7.8 Hz, 1H), 3.86 (s, 3H), 2.56 
(s, 3H), 2.33 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 203.1, 
158.2, 140.5, 126.1, 125.8, 120.0, 112.6, 55.7, 30.4, 12.6.65 

1-(3-Methoxy-5-methylphenyl)ethan-1-one (26ac). Un-
der usage of 25ac (300.0 mg, 1.81 mmol) and MeLi solution 
(1.9 m in Et2O, 3.8 mL) in dry Et2O (13.8 mL), 26ac 
(260.1 mg, 1.58 mmol, 88%) was prepared according to 
GP G as a yellow oil and used without further purification. 
LC-MS m/z ([M+H]+) = 165.14, tr = 3.88 min, purity: 
>98%.1H NMR (500 MHz, CDCl3)  = 7.37 (s, 1H), 7.30 (s, 
1H), 6.94 (s, 1H), 3.85 (s, 3H), 2.59 (s, 3H), 2.40 (s, 3H). 
13C NMR (126 MHz, CDCl3)  = 198.2, 159.8, 139.7, 138.4, 
122.0, 120.2, 109.7, 55.4, 26.8, 21.4.66 

1-(Bromomethyl)-2-methoxybenzene48 (27b). Accord-
ing to GP H, colorless, sticky oil 27b (290.3 mg, 1.44 mmol, 
quant.) was synthesized using 2-methoxybenzyl alcohol 
(200.0 mg, 1.45 mmol), PBr3 (0.2 mL, 2.17 mmol), and DCM 
(2.9 mL) and used without further purification. 
Rf (PB/EtOAc = 9:1) = 0.63. 1H NMR (500 MHz, CDCl3)  = 
7.35 (d, J = 7.6 Hz, 1H), 7.32 (t, J = 7.6 Hz, 1H), 6.95 (t, J = 7.6 
Hz, 1H), 6.91 (d, J = 7.6 Hz, 1H), 4.60 (s, 2H), 3.92 (s, 3H). 
13C NMR (126 MHz, CDCl3)  = 157.4, 130.8, 130.2, 126.0, 
120.6, 110.9, 55.5, 29.0. 

1-(4-(Bromomethyl)-3-methoxyphenyl)ethan-1-one 
(27aa). According to GP I, 23v was synthesized under us-
age of 1-(3-methoxy-4-methylphenyl)ethan-1-one 
(328.0 mg, 2.0 mmol), AIBN (7.0 mg, 40 µmol), NBS 
(374.0 mg, 2.1 mmol), and CCl4 (10.0 mL). The resulting 
mixture was stirred for 35 min. After concentrating in 
vacuo, an oily residue was obtained, that was resuspended 
in ether. A colorless solid precipitated and was filtered off. 
The mother liquor was concentrated in vacuo and subjected 
to AFC (Hex/DCM, 0  100% over 17 min, 20 mL/min, 12 g 
silica, 27aa at 35% DCM) to yield the desired benzyl bro-
mide 23v (218.0 mg, 0.90 mmol, 45%). Rf (Hex/DCM= 7:3) 
= 0.4. 1H NMR (500 MHz, CDCl3)  = 7.53 - 7.49 (m, 2H), 7.43 
(d, J = 7.6 Hz, 1H), 4.57 (s, 2H), 3.97 (s, 3H), 2.61 (s, 3H). 
13C NMR (126 MHz, CDCl3)  = 197.5, 157.5, 138.6, 131.4, 
130.8, 121.4, 109.6, 55.8, 27.5, 26.6. 

1-(2-(Bromomethyl)-3-methoxyphenyl)ethan-1-one 
(27ab). For the bromination, 26ab (218.8 mg, 1.34 mmol), 
AIBN (43.6 mg, 0.26 mmol), NBS (237.0 mg, 1.34 mmol), 
and CCl4 (1.3 mL) were used following GP I. Herein, the 
crude product was purified via AFC (PB/EtOAc, 0  30% 
EtOAc over 20 min, 13 mL/min, 4 g silica, 27ab at 18% 

EtOAc) obtaining 27ab as a colorless solid (290.9 mg, 1.19 
mmol, 89%). Rf (PB/EtOAc, 9:1) = 0.39. 1H NMR (500 MHz, 
CDCl3)  = 7.36 (t, J = 8.4 Hz, 1H), 7.26 (t, J = 8.4 Hz, 1H), 7.04 
(d, J = 8.4 Hz, 1H), 4.93 (s, 2H), 3.93 (s, 3H), 2.62 (s, 3H). 
13C NMR (126 MHz, CDCl3)  = 202.0, 158.0, 139.4, 129.4, 
125.4, 120.9, 113.9, 56.1, 30.1, 24.2. 

1-(5-(Bromomethyl)-2-methoxyphenyl)ethan-1-one 
(27ad). Performing GP I under usage of 25ad (117.2 mg, 
0.71 mmol), AIBN (23.4 mg, 0.14 mmol), NBS (127.1 mg, 
0.71 mmol), and CCl4 (1.4 mL) led to 23x (19.0 mg, 78 µmol, 
11%) as a colorless solid after purification via AFC 
(PB/EtOAc, 0  40% EtOAc over 14 min, 13 mL/min, 4 g sil-
ica, 23x at 25% EtOAc). Rf (PB/EtOAc, 9:1) = 0.27. 1H NMR 
(500 MHz, CDCl3)  = 7.77 (d, J = 2.4 Hz, 1H), 7.52 (dd, J = 
2.4, 8.5 Hz, 1H), 6.96 (d, J = 8.5 Hz, 1H), 4.49 (s, 2H), 3.93 (s, 
3H), 2.62 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 199.1, 
158.9, 134.4, 131.1, 130.1, 128.3, 112.1, 55.7, 32.8, 31.8. 

4-Bromo-2-(bromomethyl)-1-methoxybenzene67 
(27ah). According to GP H, 3-bromo-5-methoxybenzyl al-
cohol (314.1 mg, 1.45 mmol), PBr3 (0.2 mL, 2.17 mmol), and 
DCM (2.9 mL) were used for the bromination to give 27ah 
(370.2 mg, 1.32 mmol, 91%) as a colorless sticky oil that 
was used without further purification. Rf (PB/EtOAc = 9:1) 
= 0.69. 1H NMR (500 MHz, CDCl3)  = 7.45 (d, J = 2.6 Hz, 1H), 
7.39 (dd, J = 2.6, 8.7 Hz, 1H), 6.77 (d, J = 8.7 Hz, 1H), 4.49 (s, 
2H), 3.89 (s, 3H). 13C NMR (126 MHz, CDCl3)  = 156.5, 
133.4, 132.7, 128.2, 112.7, 112.5, 55.9, 29.7, 27.6. 

Infection assays. 

HRSV-FLuc propagation and infection assay. A recombi-
nant hRSV encoding for a firefly luciferase reporter (kindly 
provided by Marie-Anne Rameix-Welti, the Institut National 
de la Santé et de la Recherche Médicale [INSERM], Univer-
sité de Versailles St. Quentin, Montigny-le-Bretonneux, 
France and Jean-François Eléouët, Unité de Virologie et Im-
munologie Moléculaires, INRAE, France) was prepared as 
described previously.68 

For the infection experiment HEp-2 cells were seeded in 96-
well plates at a cell count of 1.5 x 104 cells/well in 100 µL 
advanced MEM and incubated for 24 h at 37°C and 5% CO2. 
The cells were infected with hRSV-Luc (MOI 0.01) in the 
presence of compound or 1% DMSO. As a control, unin-
fected cells were treated with 1% DMSO. After 24 h of incu-
bation, the cells were lysed with a lysis buffer (1% Triton-
X-100, 25 mM Glycylglycine, 15 mM MgSO4, 4 mM EGTA, 1mM 
dithiothreitol) and frozen at -20°C. Luciferase activity meas-
urements were performed by adding 72 µL of assay buffer 
(25 mM Glycylglycine, 5 mM KPO4, 50 mM MgSO4, 10 mM 
EGTA, 2% ATP, 1 mM dithiothreitol) to a white 96-well 
plate. 20 µL of the lysed cell suspension were added to the 
plate and using the Berthold LB960 Centro XS3 plate lumi-
nometer, 40 µL of D-Luciferin solution was added and the 
RLU was measured. In order to evaluate antiviral effects of 
the compounds on second round infection the supernatants 
of infected cells were transferred to HEp-2 cells seeded the 
day before as described above. Those cells were incubated 
for 24 h and lysation and measurement were performed as 
described above. 

HCoV-229E RLuc propagation and infection assay. Re-
nilla luciferase reporter gene encoding hCoV-229E69 (stock 
kindly provided by Volker Thiel, Institute of Virology and 
Immunology (IVI), Bern and Mittelhäusern, Switzerland 
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and Department of Infectious Diseases and Pathobiology, 
Vetsuisse Faculty, University of Bern, Switzerland) was 
propagated in Huh-7.5 cells70(kindly provided by Charles 
Rice, Laboratory of Virology and Infectious Disease, The 
Rockefeller University, New York, USA). Cells were seeded 
in 15 cm culture dishes in complete growth medium until 
90% confluency. hCoV-229E RLuc primary stock was di-
luted 1:10 in DMEM complete and 5.5 mL used to inoculate 
the cells at 33 °C (5% CO2). After 4 h the inoculum was re-
moved, and 20 mL of fresh culture media were added. Cells 
were cultured for approx. another 48 h at 33 °C until cyto-
pathic effects were visible. Then the supernatant was har-
vested, centrifuged at 1000 x g for 5 min. Subsequently, the 
supernatant was transferred to fresh Eppendorf tubes and 
aliquots were stored at  80 °C. For compound testing, Huh-
7.5 cells encoding for a firefly luciferase reporter gene were 
seeded at 1.6 x 104 cells/well in a 96-well plate in 100 µL of 
culture media at 37 °C. The next day, an hCoV-229E RLuc 
stock was diluted 1:500 in culture medium and cells were 
inoculated with 100 µL in the presence of compounds in the 
indicated concentrations or DMSO. After incubation for 48 h 
at 37 °C the cells were lysed by application of 0.5% Triton 
X-100 in PBS and frozen at  20 °C. Renilla luciferase activ-
ity was determined as a measure of residual infectivity and 
firefly luciferase activity was determined as a measure for 
cell viability. In case of some compounds, Huh-7.5 cells 
without a luciferase reporter were used. In this case, the vi-
ability was assessed by using the MTT assay (described be-
low).  

Viability assay. To test possible impact of tested com-
pounds on cell viability, HEp-2 cells or Huh-7.5 cells were 
seeded at a density of 1.5 x 104 in 100 µL advanced MEM or 
1.6 x 104 in 100 µL DMEM respectively in a 96-well plate 
and incubated for 24h at 37°C and 5% CO2. Afterwards the 
cells were treated with compound. As controls Puromycin 
and untreated cells were used. After 24h of incubation at 
37°C and 5% CO2, the supernatant was removed. Subse-
quently, MTT reagent (3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyl tetrazolium bromide) was diluted in a 1:10 ratio in 
advanced MEM or DMEM and added to the cells. After 60 
min incubation at 37°C the supernatant was discarded and 
the cells were lysed using 50 µL isopropanol. Absorbance 
was measured at 570 nm and 630 nm using a BioTek Syn-
ergy 2 (BioTek, Winooski, Vermont, USA). 

ADME experiments. 

Kinetic turbidimetric solubility. The desired compounds 
were sequentially diluted in DMSO in a 96-well plate. 1.5 µL 
of each well were transferred into another 96-well plate 
and mixed with 148.5 µL of PBS. Plates were shaken at 600 
rpm and r. t. for 5 min. The absorbance was measured at 
620 nm. Absorbance values were normalized by blank sub-
traction and plotted using GraphPad Prism 8.4.2 (GraphPad 
Software, San Diego, CA, USA). Solubility (S) was deter-
mined based on the First X value of AUC function using a 
threshold of 0.005. 

Metabolic stability in liver S9 fractions. For the evalua-
tion of combined phase I and phase II metabolic stability, 
the compound (1 M) was incubated with 1 mg/mL pooled 
mouse liver S9 fraction (Xenotech, Kansas City, USA), 2 mM 
NADPH, 1 mM UDPGA, 10 mM MgCl2, 5 mM GSH and 0.1 mM 
PAPS at 37 °C for 240 min. The metabolic stability of testos-
terone, verapamil and ketoconazole were determined in 

parallel to confirm the enzymatic activity of mouse S9 frac-
tions. The incubation was stopped after defined time points 
by precipitation of aliquots of S9 enzymes with two volumes 
of cold acetonitrile containing internal standard (150 nM di-
phenhydramine). Samples were stored on ice until the end 
of the incubation and precipitated protein was removed by 
centrifugation (15 min, 4 °C, 4,000 g). Concentration of the 
remaining test compound at the different time points was 
analyzed by HPLC-MS/MS (TSQ Quantum Access MAX, 
Thermo Fisher, Dreieich, Germany) and used to determine 
half-life (t1/2). Half-life and intrinsic clearance (Clint) are 
summarized in the corresponding tables. 
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AFC, automated flash column chromatography; tr, retention 
time; t1/2: half-life; *, commercial compound; ADME, absorp-
tion, distribution, metabolism, and excretion; AIBN, azobisiso-
butyronitrile; br s, broad singlet; c. v., closed vessel; CC50, half-
maximal cytotoxic concentration; Clint, intrinsic clearance; Cp, 
compound; CV, cell viability; cycloPr, cyclopropyl; d, doublet; 
dd, doublet of a doublet; DIPEA, N,N-diisopropylethylamine; 
DMF, dimethylformamide; DMSO, dimethyl sulfoxide; dq, dou-
blet of a quartet; EC50, half-maximal effective concentration; 
equiv, equivalent(s); Et2O, diethyl ether; F protein, fusion pro-
tein; FA, formic acid; G protein, attachment protein; GP, general 
procedure; H2O, water; HATU, hexafluorophosphate 
azabenzotriazole tetramethyl uranium; HCl, hydrochloric acid; 
hCoV-229E, human coronavirus 229E; HRMS, high resolution 
mass spectrometry; Hz, Hertz; I, round 1; IC50, half-maximal in-
hibitory concentration; II, round 2; Inf, infectivity; LC-MS, liq-
uid chromatography-mass spectrometry; m, multiplet; mCPBA, 
meta-chloroperoxybenzoic acid; MeCN, acetonitrile; MeCN, ac-
etonitrile; MeLi, methyl iodide; MeLi, methyl lithium; MeOH, 
methanol; MFC, manual flash column chromatography; mw, 
microwave-assisted; N, counts; n. d., not determined; NaBH4, 
sodium borohydride; NaH, sodium hydride; NBS, N-bromosuc-
cinimide; NEt3, triethylamine; o/n, overnight; P, precipitation 
at 10 µM, measurement at 5 µM compound concentration in fur-
ther analyses; Ph, phenyl; Pyr, pyridyl; q, quartet; quant., quan-
titative; r. t., room temperature; RSV, respiratory syncytial vi-
rus; s, singlet; S, kinetic solubility in µM; S protein, spike pro-
tein; SAR, structure-activity relationship; SARS-CoV-2, severe 
acute respiratory syndrome coronavirus 2; SD, standard devi-
ations; semi-prep HPLC, semi-preparative high-performance 
liquid chromatography; sept, septet; SI, supporting infor-
mation; so, statistical outlier, sxt, sextet; t, triplet; THF, tetrahy-
drofuran; TLC, thin layer chromatography; UHPLC, ultra-high-
performance liquid chromatography; , wavelength. 
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