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Abstract

Context: Imaging the mutation status of non-small cell lung cancer (NSCLC) using radiolabeled tyrosine kinase inhibitor (TKI) analogs has garnered interest
due to their unique interactions with the target epidermal growth factor receptor (EGFR). Rociletinib is a third-generation TKI that selectively inhibits the
activated EGFR L858R/T790M mutations while sparing the wild-type EGFR.

Aims: To synthesize a rociletinib analog for radioiodination purposes and evaluate its affinity for EGFR L858R/T790M using molecular docking and in vitro
cytotoxicity assay.

Methods: The rociletinib analog, N-{3-[(4-{[4-(4-acetylpiperazin-1-yl)-2-methoxyphenyl]amino}-5-(trifluoromethyl)pyrimidine-2-yl)amino] -5-iodophenyl}
acrylamide (I-RMFZ), was produced by adding iodine into the diaminophenyl group and changing the position of the trifluoromethyl group. A simulation of
molecular docking was conducted using the AutoDock Vina software suite. ICso of -RMFZ was determined using a cell cytotoxicity assay.

Results: 1-RMFZ was successfully synthesized through multistep reactions. Molecular docking revealed that I-RMFZ interacts with the EGFR L858R/T790M
mutation. Cytotoxicity assay demonstrated that I-RMFZ had a high selectivity towards EGFR L858R/T779M mutation.

Conclusions: I-RMFZ is notable for radioiodination and is anticipated to be comparable with in vivo features of rociletinib. Thus, I-RMFZ can potentially be
developed as an imaging agent for NSCLC through preclinical assay.

Keywords: acrylamide; carcinoma; epidermal growth factor; molecular docking simulation; mutation.

Resumen

Contexto: La obtenciéon de imagenes del estado de la mutacion del cancer de pulmdn no microcitico (CPNM) utilizando andlogos radiomarcados de
inhibidores de la tirosina cinasa (TKI) ha despertado interés debido a sus interacciones (nicas con el receptor del factor de crecimiento epidérmico (EGFR)
diana. El rociletinib es un TKI de tercera generacién que inhibe selectivamente las mutaciones activadas L858R/T790M del EGFR, mientras que no afecta al
EGFR de tipo salvaje.

Objetivos: Sintetizar un analogo de rociletinib con fines de radioiodinacién y evaluar su afinidad por EGFR L858R/T790M mediante acoplamiento molecular y
ensayo de citotoxicidad in vitro.

Métodos: El anélogo de rociletinib, N-{3-[(4-{[4-(4-acetilpiperazin-1-il)-2-metoxifenilJamino}-5-(trifluorometil)pirimidin-2-il)amino] -5-yodofenil}acrilamida (I-
RMFZ), se produjo afiadiendo yodo al grupo diaminofenil y cambiando la posicién del grupo trifluorometil. Se realizé una simulacién de acoplamiento
molecular utilizando el paquete de software AutoDock Vina. EL ICso de I-RMFZ se determiné mediante un ensayo de citotoxicidad celular.

Resultados: 1-RMFZ se sintetiz6 con éxito mediante reacciones de miltiples pasos. El acoplamiento molecular revelé que I-RMFZ interacciona con la mutacién
L858R/T790M del EGFR. El ensayo de citotoxicidad demostrd que I-RMFZ tenia una alta selectividad hacia la mutacién L858R/T779M del EGFR.

Conclusiones: 1-RMFZ destaca por su radioiodinacién y se prevé que sea comparable con las caracteristicas in vivo de rociletinib. Asi pues, I-RMFZ puede
desarrollarse potencialmente como agente de imagen para CPNM mediante ensayo preclinico.

Palabras Clave: acrilamida; carcinoma; factor de crecimiento epidérmico; simulacién de acoplamiento molecular; mutacién.
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INTRODUCTION

The human epidermal growth factor receptor
(EGFR) is one of the four receptor tyrosine kinases in
the EGFR family (Yarden and Sliwkowski, 2001). The
EGFR is a transmembrane glycoprotein with 1186
amino acids. It has an extracellular, a transmembrane,
and an intracellular tyrosine kinase domain. EGFR is
involved in several cellular processes, such as cell
growth, division, differentiation, and death (Yarden,
2001). Moreover, it is also over-expressed in several
human cancers, such as those of the lung, breast,
head, neck, colon, and rectum (Hirsch et al., 2003;
Walker and Dearing, 1999).

EGEFR tyrosine kinase inhibitors (TKIs), such as ge-
fitinib and erlotinib, have been widely investigated as
potent EGFR-targeted drugs. The application of these
TKIs in patients with a single-site mutation of non-
small cell lung cancer (NSCLC) has been extensively
reviewed (Park et al., 2021; Singh and Jadhav, 2018).
This class of drugs can specifically bind to the in-
traendothelial TK domain of EGFR, thereby suppress-
ing tumor growth by blocking signaling pathways
(Yan et al., 2017). Therefore, using these drugs to treat
patients with NSCLC is considered adequate (Ariya-
ma et al.,, 2021). However, after 9-14 months of the
treatment, EGFR mutation-positive patients typically
develop drug resistance, and their tumors grow. In
50-60% of the recurrent cases, drug resistance is
caused by a secondary point mutation in EGFR,
which results in a threonine-to-methionine change at
position 790 (T790M) (Kosaka et al., 2006; Sequist et
al., 2011; Yan et al., 2017).

To effectively treat NSCLC patients with double
mutation EGFR, identifying the mutation status of
NSCLC is necessary. Biopsy is the most commonly
used method for determining the mutation status of
NSCLC. Further, cancer tissues are known to be het-
erogeneous (Luond et al., 2021; Xu et al., 2021), and a
biopsy can only provide limited information on the
entire cancer tissue (Xiao et al., 2017). Moreover, pa-
tients must be burdened by recurrent intrusive biop-
sies (Hirsch et al., 2005). Therefore, a more effective
method, such as diagnostic imaging, is required.

Several radioactive imaging agents with positron
emission tomography (PET) or single-photon emis-
sion computed tomography (SPECT) play a crucial
role in precision medicine (Manning, 2015; Waaijer et
al., 2018). Furthermore, nuclear medicine imaging is
noninvasive and can reveal quantitative details of in
vivo biological activities with excellent sensitivity. In
response to the restrictions of an intrusive biopsy and
any bias originating from the heterogeneity of the
tumor (Peled et al., 2017; Tan et al., 2016), molecular
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imaging employing PET or SPECT can stratify pa-
tients based on their susceptibilities to various diseas-
es and may be classified into the genetic, molecular,
or cellular profiles (Sun et al., 2018).

Certain imaging probes for TKIs have been devel-
oped to determine the EGFR mutation status in
NSCLC. However, the radiotracers used to image
EGFR L858R/T790M double mutations, such as
[11C]osimertinib, [11C]rociletinib, [1251]ICO1686,
[77Br|BrCO1686, ['2°]]I-osimertinib, and [7’Br]Br-
osimertinib, have certain limitations (Fawwaz et al.,
2023). These radiotracers do not predominately accu-
mulate in the targeted tumor, thereby resulting in a
low tumor-to-blood ratio (Ballard et al., 2016; Fawwaz
et al., 2020; 2021; Mishiro et al., 2022).

Rociletinib (Fig. 1) is one of the orally active third-
generation TKIs that selectively inhibits activated
EGFR with L858R/T790M double mutations in
NSCLC. The chemical structure of rociletinib contains
crucial functional groups, namely the pyrimidine and
trifluoromethyl groups. Both groups play a crucial
role in facilitating the binding of rociletinib to the
ATP binding site of EGFR L858R/T790M (Yan et al,,
2017). Rociletinib can be developed as an imaging
agent for dual mutations NSCLC owing to its specific
affinity to EGFR L858R/T790M.

Figure 1. The structure of rociletinib.

Owing to the availability of numerous radioiodine
isotopes, including 12’I with a half-life (t1/2) of 13.2 h
for SPECT imaging, 131 with a t1/2 of 8.0 d for radio-
nuclide therapy, and I with a ti/> of 4.2 d for PET
imaging, as well as %I for various preclinical studies
(Cavina et al., 2017; Dubost et al., 2020; Ogawa et al.,
2009; 2018; Patel et al., 2015), we previously devel-
oped a novel radioiodinated analog of rociletinib by
introducing iodine in the diaminophenyl group
(Fawwaz et al., 2020). In this study, we found that an
iodinated rociletinib isomer can be easily synthesized
from a side product obtained during the synthesis of
an iodinated rociletinib. Moreover, a docking simula-
tion suggested that the isomer can have a high affinity
for the EGFR with L858R/T790M double mutations.
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Therefore, in this study, we aimed to synthesize and
investigate the potential of an iodinated rociletinib
isomer as an imaging agent for EGFR with
L858R/T790M double mutations.

Herein, an iodinated rociletinib modified at the tri-
fluoromethyl zone, N-{3-[(4-{[4-(4-acetylpiperazin-1-
yl)-2-methoxyphenyl]amino}-5-(trifluoromethyl) py-
rimidine-2-yl)amino]-5-iodophenyl}acrylamide (I-
RMFZ, 10), was synthesized (Fig. 2), and its activity
was evaluated using three kinds of human NSCLC
cell lines, namely H1975 (double mutations EGFR
L858R/T790M), H3255 (active mutant EGFR L858R),
and H441 (wild-type EGFR), in a preliminary study.

MATERIAL AND METHODS

Chemicals

Nacalai Tesque, Inc. (Kyoto, Japan), Merck (Darm-
stadt, Germany), Fujifilm Wako Pure Chemical Cor-
poration (Osaka, Japan), Kanto Chemical, Co., Inc.
(Tokyo, Japan), and Tokyo Chemical Industry, Co.,
Ltd. (Tokyo, Japan) supplied all solvents and rea-
gents. Nacalai Tesque, Inc. (Kyoto, Japan) provided
Dulbecco's modified eagle medium (DMEM)/Ham's
F-12 medium, RPMI-1640 medium, 0.25% trypsin-
ethylenediaminetetraacetic acid (EDTA), phosphate-
buffered saline (PBS), penicillin-streptomycin (PS),
while Biowest (Nuaillé, France) provided fetal bovine
serum (FBS).

Cell lines

The WST-8 test assessed the half inhibitory con-
centration (ICso) of I-RMFZ, rociletinib, and gefitinib
against three NSCLC cell lines. The cell lines were
generously supplied by Dr. Juri G. Gelovani, previ-
ously of the Department of Experimental Diagnostic
Imaging at the University of Texas MD Anderson
Cancer Center in Houston, TX, USA. H1975 (2.5 x 103
cells/well), H3255 (104 cells/well), and H441 (2.5 x
103 cells/well) were seeded in 96-well culture plates
and cultured in medium supplemented with 10% FBS
and 100 IU/mL PS at 37°C, 5% CO,, and 5% humidi-

ty.
Instrumentations

The radioactivity was measured using the Auto
Gamma System ARC-7010B (Hitachi Ltd., Tokyo,
Japan). The reactions were monitored using thin-layer
chromatography (TLC) on silica plates 60 F254
(Merck). The SPD-20A system (Shimadzu Corp., Kyo-
to, Japan) was used for high-performance liquid
chromatography (HPLC). JNM-ECS 400 and JNM-
ECA 600 nuclear magnetic resonance (NMR) spec-
troscopy (JEOL Ltd., Tokyo, Japan) were used. The
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JMS-T100TD (JEOL Ltd.) was used for direct analysis
in real-time mass spectrometry (DART-MS). The JMS-
T700 (JEOL Ltd.) was used to perform fast atom bom-
bardment mass spectrometry (FAB-MS). The absorb-
ance in 2-(2-methoxy-4-nitrophenyl)-3-(4-nitropheny]l)
-5-(2,4-disulfophenyl)-2H tetrazolium monosodium
salt (WST-8) assay was determined using Infinite®
F200 Pro microplate reader (TECAN, Switzerland).

Molecular docking

In this current study, molecular docking was per-
formed using the AutoDock Vina package to estimate
the interaction in the ligand-receptor complex (Trott
and Olson, 2010). The ligand molecule of rociletinib
was retrieved from the PubChem database. The struc-
ture of ligand was downloaded and saved to an sdf
extension. Meanwhile, a structure of I-RMFZ was
generated using MarvinSketch program packages.
The structure of rociletinib and I-RMFZ were convert-
ed to a three-dimensional (3D) structure and saved to
a protein data bank (PDB) file. Then, Open Babel 2.4.1
program packages were used to convert the sdf and
PDB files into pdbqt formats (O'Boyle et al., 2011).
During receptor preparation, the 3D structure of
EGFR L858R/T790M was obtained from the RCSB
database (PDB ID: 3IKA). The polar hydrogen and
Kollman's united atom charges were computed to the
receptor. The receptor was saved in pdbqt format. All
the docking results were processed and visualized
using the Open-Source PyMOL v 2.3 software (Dela-
no, 2020).

The grid box parameter was required to limit the
position and conformation of the ligand around the
receptor site. The grid box was set at 24 x 22 x 22 with
a grid spacing of 1.00 A. Meanwhile, the grid box
center was assigned at the coordinates —3.764 x 21.197
x 30.443. The exhaustiveness factor was set at 100.
Other parameters were calculated using AutoDock
Vina's defaults. The search parameter used the Broy-
den—Fletcher—Goldfarb—Shanno (BFGS) algorithm.
Morris et al. built AutoDock Tools 1.5.6, which was
used to configure all parameters (Morris et al., 2009).
The docking parameters were computed according to
similar protocols employed in our previous studies
(Arwansyah et al., 2021; Fawwaz et al., 2024; Sumar-
yada et al., 2016). The simulations obtained were then
visualized using the PLIP webserver and PyMOL
software version 2.3. The docking output in the form
of a protein-ligand complex with the pdbqt format
was converted to PDB using AutoDock Tools 1.5.6.
The PDB file was submitted to the PLIP webserver
(https:/ /plip-tool.biotec.tu-dresden.de/ plip-
web/plip/index) to study the protein—ligand interac-
tions. Furthermore, the pse format generated on the
web server was saved and encoded into the PyMOL
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software to visualize the protein-ligand complex in-
teractions.

Probe synthesis

I-RMFZ was synthesized according to our previ-
ous study (Fawwaz et al., 2020), as shown in Fig. 2.

Synthesis of compound 4

Compound 4 was synthesized according to the
methods employed in our previous study, but with a
slight modification (Fawwaz et al., 2020). Isomers
were produced during the synthesis of compound 4.
These isomers were separated using HPLC with a
recycling system (mobile phase: dichloromethane/
methanol = 50/1). The crude product was dissolved
in the mobile phase and then injected into the HPLC
system with Cosmosil® 5SL-II (20 ID x 250 mm) col-
umn at a 9.5 mL/min flow rate. The HPLC purifica-
tion afforded major isomer (compound 4’) and minor
isomer (compound 4) with 66% (0.29 g) (Fawwaz et
al., 2020) and 22% (0.10 g) yield, respectively, as a
colorless solid. TH NMR (400 MHz, CDCls): 6 1.53
(9H, s), 6.66 (1H, s), 7.47 (1H, s), 7.67 (1H, s), 7.71 (1H,
S), 7.87 (1H, s), 8.62 (1H, s). *C NMR (100 MHz,
CDCls): 6 160.1, 157.3, 152.4, 140.0, 139.1, 123.8, 123.3,
122.9,121.1, 114.0 (CFs), 109.4, 94.1, 81.3, 28.5 (Fig. 3).
HRMS (FAB"‘) calced for Ci6Hi5CIF;IN/O> [M+H]+:
m/z = 513.9880, found 513.9849.
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Synthesis of compound 5

Compound 5 was synthesized according to the
methods employed in our previous study, but with a
slight modification (Fawwaz et al., 2020). 'H NMR
(400 MHz, (CD3),S0): 6 5.79 (1H, dd, | = 2.4, 10.0 Hz),
6.25 (1H, dd, | = 2.0, 16.8 Hz), 6.43 (1H, dd, | = 10.4,
17.6 Hz), 7.89 (1H, t, ] = 2.0 Hz), 7.95-7.93 (2H, m),
8.85 (1H, s), 10.28 (1H, s), 10.77 (1H, s). 3C NMR (100
MHz, (CD;):SO): & 163.5, 160.5, 158.3, 157.9, 140.7,
140.2, 131.7, 127.7, 123.9, 1232, 122.1, 111.9 (CFs),
110.8, 944 (Fig. 4). HRMS (FAB+) calced for
CiuHoCIF3IN,O  [M+H]*: m/z = 467.9462, found
467.9449.

Synthesis of compound 10

Compound 10 was synthesized according to the
methods employed in our previous study, but with a
slight modification (Fawwaz et al., 2020). TH NMR
(400 MHz, (CD3)2S0): 6 2.04 (3H, s), 3.01 (2H, s), 3.07
(2H, s), 3.56 (4H, q, ] = 5.2 Hz), 3.79 (3H, s), 5.79 (1H,
dd, J = 1.6, 6.8 Hz), 6.25-6.31 (2H, m), 6.41 (1H, dd, ] =
6.8,11.2 Hz), 6.61 (1H, d, J=1.6 Hz), 7.51 (1H, s), 7.52
(1H, d, ] = 6 Hz), 8.02 (1H, s), 8.13 (1H, s), 8.31 (1H, s),
10.22 (1H, s) (Fig. 5). HRMS (FAB+) calced for
Co7Ho7F3IN7O3 [M+H]*: m/z = 6811172, found
681.1166.
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Figure 3. The proton (A) and carbon (B) NMR spectra of tert-butyl (3-{[2-chloro-5-(trifluoromethyl) pyrimidin-4-
ylJamino}-5-iodophenyl) (4).
Cytotoxicity assay H1975 cells to the ICs value in H441 cells (Céspedes

In 96-well culture plates, the cells were seeded in a
mixture supplemented with 10% FBS and 100 IU/mL
PS. The cells were allowed to reach a density of 2.5 x
103 cells/well (H1975 and H441) and 1 x 104
cells/well (H3255) after 24 h of incubation at 37°C at
5% CO, and 5% humidity. After 48 h of treatment
with various doses (0.01-100 uM) of I-RMFZ, the ICsp
was determined using Cell Counting Kit-8 (Dojindo,
Kumamoto, Japan), according to the manufacturer's
instructions (Fawwaz et al., 2020). The selectivity in-
dex (SI) was calculated as the ratio of the ICsp value in
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etal., 2023).

Statistical analysis

The significance between I-RMFZ and rociletinib
for cytotoxicity assay was statistically analyzed by
unpaired Student’s t-test using GraphPad Prism 8.4.3
software (GraphPad Software, San Diego, CA, USA).
All values were presented as mean * standard devia-
tion (SD), and p<0.05 was considered statistically
significant.
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Figure 4. The (A) proton and (B) carbon NMR spectra of N-(3-{[2-chloro-5-(trifluoromethyl)pyrimidin-4-
yllamino}-5-iodophenyl) acrylamide (5).
interactions, respectively. The binding position of
RESULTS ligands at the receptor site is depicted in Fig. 6.
Molecular docking Probe synthesis

The binding mechanism of rociletinib and I-RMFZ
to the active site of EGFR L858R/T790M was investi-
gated using a molecular docking simulation (PDB
code: 3IKA). This URL,
http:/ /vina.scripps.edu/tutorial. html (accessed Sep-
tember 25, 2023), includes a comprehensive descrip-
tion of the AutoDock Vina docking tutorials and fun-
damental principles. The binding energy of rociletinib
and I-RMFZ associated with EGFR L858R/T790M
was estimated at —7.6 and —7.4 kcal/mol, respectively.
Tables 1 and 2 summarize the ligand-receptor interac-
tions mediated by hydrogen bonds and hydrophobic
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The non-radioactive iodinated I-RMFZ, a
rociletinib analog, was synthesized using 5-iodo-m-
phenylenediamine instead of m-phenylenediamine in
the described production technique (Fawwaz et al.,
2020) (Fig. 2). lodine was added to the diaminophenyl
group of rociletinib because a molecular docking
study demonstrated that iodine in this position does
not affect the affinity of I-RMFZ for EGFR
L858R/T790M. The anilinopyrimidine core and tri-
fluoromethyl groups are the most significant substit-
uents that help rociletinib bind to EGFR
L858R/T790M, according to their complex crystal
structure (Yan et al., 2017).
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Figure 5. The proton NMR spectrum of N-{3-[(4-{[4-(4-acetylpiperazin-1-yl)-2-methoxyphenyl]amino}-5-
(trifluoromethyl)pyrimidin-2-yl)amino]-5-iodophenyl}acrylamide (I-RMFZ, 10).
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Table 1. Hydrogen bonds of ligands in complex with the receptor.

Rociletinib analog for double mutation non-small cell lung cancer

Compound Residue AA Dista:u:e Dista:lce Donor Donor Acceptor
H-A (A) D-A (A) angle atom atom
Rociletinib T45A LYS 2.2 3.14 153 470 [N3+] 6014 [02]
T93A MET 3.21 3.72 114.35 5998 [Npl] 904 [02]
T97A CYs 2.83 3.36 112.65 933 [Nam] 6005 [03]
I-RMFZ T45A LYS 2.6 3.04 105.85 470 [N3+] 6030 [02]
857A GLY 3.15 3.76 119.84 1548 [Nam] 6030 [02]
Table 2. Hydrophobic interactions of ligands in complex with a receptor.
Compound Residue AA Distance Ligand atom Protein atom
Rociletinib T18A LEU 3.67 6004 230
T18A LEU 3.57 5996 231
801A TYR 3.68 6031 974
804A GLU 3.82 6031 1012
844A LEU 3.93 6001 1432
I-RMFZ T18A LEU 3.3 6005 230
T23A PHE 3.66 6031 263
T43A ALA 3.95 5992 451
792A LEU 3.94 6005 898
844A LEU 3.99 5992 1431
Table 3. The ICs after exposure of I-RMFZ, rociletinib or gefitinib to NSCLC cell lines by WST-8 assay.
ICs0 (UM)
Celllines Mutation status Rociletinib Gefitinib
-RMFZ (Fawwaz et al., 2020) (Fawwaz et al., 2020)
H1975 L858R/T790M 0.10+0.08 0.14+0.05 >10
H3255 L858R 0.24+0.14 0.15+0.02 0.02+0.02
H441 Wild-type >10 0.26 +0.04 >10
Selectivity Index (SI) toward H1975 SI>100 SI=1.86

Data represent the mean + SD of three separate experiments.

Cytotoxicity assays

ICs0 of I-RMFZ was determined using WST-8 as-
say. The cytotoxicity of I-RMFZ against H1975 was
similar to that of rociletinib. As demonstrated in Table
3, I-RMFZ is preferred to rociletinib for dual muta-
tions EGFR cell lines. The selectivity of I-RMFZ to-
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wards EGFR double mutation compared to wild-type
is reflected in the SI value. A trend of cell death over
I-RMFZ can also be seen in Fig. 7. The graph shows
the potential for apoptosis of I-RMFZ in H1975 and
H3255 compared to H441.
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Figure 7. Trend of cell death over I-RMFZ toward NSCLC cell lines (A) H1975, (B) H3255 and (C) H441.

DISCUSSION

Several radiolabeled EGFR TKIs have been devel-
oped to serve as imaging agents for estimating the
therapeutic effects of TKI therapy on NSCLC. Certain
groups have developed promising radiolabeled
probes targeting EGFR with L858R or del1l9 mutation
(Gelovani, 2008; Yeh et al., 2011). However, most
agents showed unsatisfactory results when stratifying
patients with NSCLC of EGFR L858R/T790M double
mutations. Therefore, researchers have continued
their studies intended to develop an effective imaging
agent for diagnosing and stratifying patients with
NSCLC with EGFR L858R/T790M double mutations
(Fawwaz et al., 2020; 2021; Mishiro et al., 2022; Yeh et
al., 2011).

The third-generation TKIs were designed to over-
come the limitations of the previous generations by
blocking the mutant irreversibly. Several studies have
demonstrated that rociletinib selectively inhibits
EGFR with mutation, particularly L858R/T790M
double mutations (Yan et al., 2017). Due to its selectiv-
ity, rociletinib has fewer adverse effects, such as gas-
trointestinal toxicity, than first-generation and sec-
ond-generation TKIs (Yan et al., 2017). Given the high
selectivity of rociletinib, we designed and synthesized
a radioiodinated variant of rociletinib (ICO1686) as an
imaging agent. During the research, we obtained an
isomer of a synthetic intermediate for ICO1686 syn-
thesis. Using this isomer, we designed and synthe-
sized an ICO1686 analog (I-RMFZ) and evaluated its
potential as an imaging agent for EGFR.

I-RMFZ was synthesized through multistep reac-
tions starting from tert-butyl(3-{[2-chloro-5-(tri-
fluoromethyl)pyrimidin-4-yl]amino}-5-iodophenyl)
carbamate (4) which was obtained as a side product in
the synthesis of compound 4', a synthetic intermedi-
ate for the synthesis of ICO1686. To separate these
isomers, HPLC with a recycling system was used.
These isomers were identified using NMR. The 'H
NMR spectrum of the product obtained via the cou-
pling of compound 4 and amine 9 suggested that the
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material contained the desired I-RMFZ product as a
major component.

Molecular docking investigation suggested that I-
RMFZ could interact with the EGFR L858R/T790M
mutation with a high binding energy comparable to
that of rociletinib. Like numerous EGFR kinase inhibi-
tors, the pyrimidine ring of rociletinib established a
hydrogen bond with Met-793 and Cys-797 at the
hinge region (Table 1 and Fig. 6). The acrylamide
group of I-RMFZ formed two hydrogen bonds with
Lys-745 and Gly-857 (Table 2). Moreover, the iodine
of I-RMFZ formed a halogen bond with Arg-841. Fur-
ther, - RMFZ formed some hydrophobic interactions
with EGFR, which can contribute to the affinity of the
ligand for the EGFR L858R/T790M.

In vitro, cytotoxicity assay was performed to sup-
port molecular docking studies. Similar to rociletinib,
I-RMFZ exhibited higher cytotoxicity toward cell lines
with EGFR mutations compared to those with wild-
type EGFR (Table 3). The cytotoxicity of I-RMFZ
against H1975 was higher than that of gefitinib, which
does not exhibit cytotoxicity against H1975. These
data agree with previous reports on third-generation
EGFR TKIs (Yang et al., 2021). In the EGFR kinase
domain, the anilinopyrimidine of rociletinib formed
hydrogen bonds with the NH and CO in the main
chain of Met-793. In addition, Met-790, the mutant
residue, can form hydrophobic interactions with the
trifluoromethyl substituent of rociletinib (Yan et al.,
2017). In contrast, gefitinib suppressed only H3255
cell growth. These data agree with the previous study
(Sequist et al., 2015; Yeh et al., 2011). Rociletinib
showed cytotoxicity against H441 with 1Cso 0.26 +
0.04, while I-RMFZ did not show cytotoxicity against
H441. Thus, I-RMFZ was more selective for the EGFR
L858R/T790M mutation (SI > 100) than rociletinib
was (SI = 1.86). These features suggest that the radio-
iodinated variant of [-RMFZ can be an imaging agent
to determine EGFR mutation status.

Our previous study demonstrated that radioio-
dinated rociletinib [!2I]ICO1686 exhibits remarkable
selectivity toward dual mutation EGFR in an in vitro
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cell uptake study. This result was supported by the
kinase assay study, in which ["ZI]ICO1686 showed
higher selectivity (SI > 32) toward EGFR with
L858R/T790M double mutations than wild-type
EGFR did, which is comparable to that of rociletinib
(SI = 42). However, an in vivo biodistribution analysis
resulted in an insufficient tumor accumulation (Faw-
waz et al., 2020). As I-RMFZ exhibits a higher SI to-
ward H1975 than that of previously reported EGFR
TKIs, we anticipate that it may accumulate in H1975
tumors more than in other organs and tissues.

CONCLUSION

The isomer of iodinated rociletinib, I-RMFZ, was
successfully synthesized through a multistep process.
I-RMFZ demonstrated highly selective cytotoxicity
toward cell lines with EGFR L858R/T790M muta-
tions. Molecular docking studies supported the high
affinity of I-RMFZ toward EGFR with double muta-
tions. Our results indicate that [123/14][]I-RMFZ, the
radioiodinated variant of I-RMFZ, can be used for
imaging of EGFR L858R/T790M double mutations.
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