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Abstract. Gilteritinib is used to treat acute myeloid leukemia (AML) carrying FMS-like
tyrosine kinase 3 (FLT3) mutations. As it is a new drug, there are still many aspects that need
improvement. This article will be written according to the following three points: Analysis of
its mechanism of action with the receptor; Analysis of the three main synthetic routes of
gilteritinib and reasonable suggestions are given; Causes and solutions to the emergence of
drug resistance. The following 4 points have been found that:(1) FLT3-internal tandem
duplication (ITD) mutation and FLT3-tyrosine kinase domain (TKD) mutation, leukemic cells'
ability to proliferate, differentiate, and survive aberrant changes due to both kinds of mutations.
(2) Gilteritinib combines with FLT3's ATP pocket, and the compound shaped from FLT3 to
gilteritinib was synthesized by the juxtamembrane (JM) domain. (3) Synthesis route 3 in this
paper is most suitable for industrial mass production. (4) Resistance to gilteritinib is divided
into primary resistance and secondary resistance, research in the future should focus on finding
new therapeutic targets.
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1. Introduction

Acute myeloid leukemia (AML) has been known for its rapid growth of abnormal cells since its
discovery, killing tens of thousands of people each year. In the past few decades of clinical treatment,
salvage chemotheraphy has had little positive effect on patients with AML, which has also made the
clinical treatment of AML more difficult. With the advancement of medical science in the 21st century,
more and more targeted drugs are synthesized to treat various types of cancer, also, the use of targeted
drugs to destroy cancer cells is considered to be one of the best ways to treat cancer today. The oral,
powerful and selective second-generation FLT3 inhibitor gilteritinib, which exhibits single-agent
effectiveness against relapsed or refractory FLT3-mutant AML, has steadily gained attention in recent
years, as described in this work [1]. The US FDA authorized gilteritinib in November 2018 as a
second-generation FLT3 inhibitor for the therapy of relapsed or resistant AML brought on by FLT3 gene
mutations. Additionally, according to NCCN recommendations for 2019, it was the third FLT3-targeted
medication for the therapy of refractory relapsed AML. Compared to first-generation drugs, gilteritinib
has no off-target activity and is less effective in newly diagnosed patients, but it is also more targeted,
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meaning it can assist patients undergoing refractory or relapsed therapy more effectively and creates the
possibility of combination therapy with first-generation inhibitors.

Although gilteritinib has been involved in the clinical treatment of AML, due to its short
development time and fewer options for its synthesis routes, it still needs to be continuously developed
and optimized. In this paper, it will start from the mechanism of action of gilteritinib and the target,
analysis of its different synthetic routes, evaluation of their safety, efficiency, economy and other aspects.
The discussion of these questions will be of great significance for the further industrial production of the
drug and the future treatment of AML patients.

2. Mechanism of action of gilteritinib with FLT3

2.1. FLT3 mutation mechanism

An anti-tumor kinase inhibitor called gilteritinib is used to treat acute myelocytic leukemia (AML).
Massive underlying cytogenetic, chromosomal anomalies can be seen in AML, a cancer. FLT3 is the
most typical mutation. The FLT3 gene, which is located on chromosome 13q12 is transcribed under
supervision of FLT3 transmembrane receptor tyrosine kinase (RTK). The FLT3 ligand (FL) then
activates the FLT3 gene, which is expressed on certain bone marrow and lymphoid progenitor cells. The
tyrosine kinase (TK), external, kinase insertion, paramembrane, and c-terminal intracellular domains of
FLT3 are among its five domains, as seen in Figure 1. It is a component of multiple signaling pathways
that control several aspects of the cell's life cycle, including differentiation and apoptosis. FL is created
by bone marrow stromal cells, which is available in membrane-bound or soluble form. In general, RTK
is dimerized, phosphorylated, and activated when FL attaches to the FLT3 extracellular domain. FLT3 is
only activated by negative feedback when necessary since the concentration of soluble FL is typically
quite low, but it can rise dramatically under undeveloped circumstances [2]. Internal tandem duplication
(ITD) mutations and tyrosine kinase domain (TKD) mutations are the two different types of FLT3
mutations [3]. Both types of mutations cause abnormal changes in leukemia cell proliferation,
differentiation, and survival [4, 5]. Gilteritinib can significantly reduce the phosphorylation level of
MV4-11 and MOLMI13 cell line FLT3 protein and downstream molecules STATS, ERK and AKT
protein, which increase 160KD FLT3 protein’s expression on the membrane surface of MV4-11,
MOLMI13 cells. In turn, leukemia cells can proliferate, differentiate and survive normally, thereby

treating leukemia.
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Figure 1. The structure and mechanism of FLT3.
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Figure 2. FLT3 crystal 3D model.

2.2. Gilteritinib mechanism of action
In order to see the binding pattern, as seen in Figure 2, the molecular model of gilteritinib with the FLT3
kinase domain compound was plotted. Gilteritinib binds to FLT3’s ATP pocket as predicted by
computational modeling in the publication by Mori et al. (2017), assayed that Asp829 and Phe830 use
the "DFG-out" conformation [6]. There is no significant relationship between gilteritinib and activation
loops. For gilteritinib’s binding mode, the carbamoyl group has hydrogen bonds before the backbone
atoms of Glu692, Cys694 [7].

Griffith et al. (2004) reported that the model shown between FLT3 and gilteritinib was synthesized
by the FLT3wt’s kinase domain, which include the juxtamembrane (JM) domain, and that the active site
of JM domain with FLT3 was able to bind and stabilize the auto-inhibitory form [8].

3. Gilteritinib synthetic route assessment
Currently, as a new drug, there are few synthetic routes for gilteritinib, and the synthesis process is not
mature enough, there are three main synthetic routs will be evaluated below.

3.1. Synthetic route 1

As can be seen in Figure 3, route 1 is reported by the original patent, with ethyl propionylaecetate as the
starting material, decompressed by nitrosation to obtain propanal, oxime and then through annulation,
chlorination and hydrolysis to obtain 3,5-dichloro-6-ethylpyrazinecarboxamide as intermediate product,
gilteritinib is prepared by condensation and nucleophilicsubstitution reaction [9].
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Figure 3. Gilteritinib synthesis route 1.
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The reaction conditions are harsh and require high temperatures throughout the process, which is
relatively dangerous. The by-products are relatively simple and easy to handle, and the safety is poor.
The target product can be obtained by sequentially replacing the two halogen atoms of the raw material.
The electrophilicity of the carbon where the two halogen atoms are located is almost the same. Despite
the microwave assisted nucleophilic substitution of the side chain, there are still side reactions that occur,
resulting in low efficiency. A two-step substitution reaction can be obtained, but it requires microwave
catalysis assistance and is not suitable for large-scale industrial production, with average convenience.
The reaction is assisted by microwave, and the atomic utilization rate calculated according to equation
(1) is relatively high, at 53.84% (In the case of not taking into account by-products). The by-products are
simple, reach the green chemical standards, and have certain progressiveness.

3.2. Synthetic route 2

As is shown in Figure 4, route 2 uses the same raw materials and methods as route 1 to obtain propanal,
oxime, and then passes an annulation reaction, chlorination, bromination to get intermediate product:
3-bromo-5-chloro-6-ethylpyrazine-2-carbonitrile, and gilteritinib is prepared by nucleophilic
substitution, Buchwald coupling, and hydrolysis [10].
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The reaction conditions of this synthesis route are relatively mild, but the organic toxic impurities
generated by the side reactions are difficult to remove, which does not comply with green chemistry and
has relatively average safety. It also replaces the two halogen atoms on the six membered ring of the raw
material first, and then hydrolyzes the side chain groups on the ring to obtain the final product. Due to
the small difference in the electrophilicity of the carbon where the two halogen atoms are located, side
reactions such as side chain inversion are prone to occur, resulting in low efficiency. The final product
can be obtained by simply replacing the halogen atoms on the six membered ring twice and then
hydrolyzing it, which is more convenient. The theoretical atom utilization rate of this synthesis route is
50.75%. However, due to the poor reaction selectivity, there are a large number of toxic organic
by-products that are difficult to remove, resulting in the actual atom utilization rate being lower than the
theoretical value, which does not meet the green chemical standard, and does not have progressiveness.
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Figure 4. Gilteritinib synthesis route 2.

3.3. Synthetic route 3

Route 3 is the result of improvement of route 1 and route 2 through Li et al. (2021), which is shown in
Figure 5 [10]. Route 3 gets 3-amino-5-chloro-6-methyl-pyrazine-2-carbonitrile (2) as the intermediate
product by a method similar to that of route 1 and route 2, reacting with 4-aminotetrahydropyran (3) by
nucleophilic substitution reaction to gain 3-amino-6-methyl-5- [(tetrahydro-2H-pyran-4-yl)
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amino]-2-carbonitrile (4), 3-methoxy-4- (4-(4-methylpiperidin-1-yl) piperidin-1-yl) aniline (5) as
intermediate material, Sandmeyer reaction to generate chlorinated substitute (6), 6 and 4 by Buchwald
coupling reaction to obtain 6-ethyl-3- ((3-methoxy-4- (4-(4-methylpiperazin-1-yl) piperidin-1-yl)
phenylamino)-5-((tetrahydro-2H-pyran-4-yl)amino)pyrazine-2-nitrile (7), (7) is the target product
gilteritinib was obtained by nitrile hydrolysis.
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Figure 5. Gilteritinib synthesis route 3.

The reaction conditions of route 3 are relatively mild, and the generated by-products are easy to
handle, and the heavy metal catalysts involved are also easy to recover. It first modifies the side chains
that have not yet been connected, and then selectively replaces halogen atoms and amino groups
according to the nucleophilicity of the carbon on the ring, resulting in higher efficiency. It is necessary to
first use Sandmeyer to replace the amino group on a side chain raw material with a halogen atom, then
use coupling reaction to connect it to the six-membered ring, and finally hydrolyze it. The convenience
is average. Due to the change of the substituent on the initial six-membered ring and the change of its
corresponding carbon electrophilicity, the selectivity is greatly improved. The side reaction is extremely
low, which can be used in large-scale production. The atom utilization rate is 49.30%, and the purity of
the product is also very high, which can reach 99.7% (HPLC method). It meets the green chemical
standard and is progressiveness.
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3.4. Discussion

Overall, both Route 1 and Route 2 were synthesized from six membered heterocycles with two halogen
atoms, resulting in significant defects. Route 3 cleverly overcame the problem of reaction selectivity by
utilizing the significant difference in electronic attraction between amino and halogen atoms. Moreover,
Route 3 is excellent in other aspects, and it is not difficult to draw a conclusion. Route 3 is currently the
best industrial synthesis method for gilteritinib.

Table 1. Comparison of characteristics of the three synthetic routes.

Safety Efficiency Convenience Advance
Route 1 poor poor moderate good
Route 2 moderate very poor good poor
Route 3 good good moderate good

4. Antimicrobial resistance studies of gilteritinib

4.1. Causes of drug resistance

Studies in recent years have found that some patients develop resistance after treatment with gilteritinib,
which poses new challenges to treatment outcomes and patient survival. Resistance of gilteritinib is
currently divided into two main types: primary drug resistance, that is, there are mutations in the
resistance gene before the patient starts the drug; the other is follow-up resistance, in which patients
develop resistance gene mutations after using the drug for a period of time. Primary resistance is
relatively rare, accounting for about 10% of all drug resistance. Such mutations are often associated with
FLT3-ITD External Alternative Struct (FEI3) mutations. These mutations reduce the drug’s affinity for
the drug target, resulting in a decrease in the therapeutic effect of gilteritinib. Subsequent drug resistance
is a relatively common phenomenon and one of the main problems faced by patients with AML. This
usually occurs during treatment, when some leukemia cells gradually evolve a new FLT3 mutant gene,
causing gilteritinib to lose some of its efficacy [1]. In addition, irregular drug use, incomplete
medication, and improper drug dosage may also lead to subsequent drug resistance.

4.2. Ways to address drug resistance

However, a lot of research have been done to solve this problem, and have obtained relatively good
results. The two primary approaches to addressing this issue at the moment are combination therapies
and a thorough examination of the mechanism underlying gilteritinib resistance.

The mechanism of gilteritinib resistance have been identified by many researchers, Joshi et al. (2021)
assessed early resistance and late resistance by using AML microenvironmental catalyzes, McMahon et
al. (2019) analyzed the mutational characteristics of paired samples taken from patients to do this
research [11, 12]. Although the mechanism of gilteritinib resistance has been almost thoroughly studied,
only a small percentage of drugs are synthesized to replace gilteritinib, and sitravatinib is one of them
[13]. More effort should be devoted to studying this method to solve the problem of drug resistance in
the future.

Combination drugs have many advantages: they can play a coordinating and complementary role in
targeting different pathogenesis; and can reduce each other’s adverse reactions. More importantly, it can
improve patient adherence to medication. At present, there have been many literatures mentions that this
method to solve the resistance of gilteritinib, and it is also one of the most mainstream solutions [11, 12,
14].

5. Conclusion

TKI is a class of complex that block tyrosine kinase's action, the authors said. It has been widely used in
recent years because of its high selectivity and less side effects. It is one of the medications used to treat
AML that has the FLT3 mutation. In this paper, first of all, by studying the mechanism of action of
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gilteritinib and receptor, this study discovered that FLT3 has two different sorts of mutations, and then
analyze and compare the safety, efficiency, convenience and innovation of three synthetic pathways, and
finally propose solutions to the problem of drug resistance. The issues discussed in this paper are of
critical importance for the further industrial production of gilteritinib and the future treatment of AML
patients, although gilteritinib has been involved in the clinical treatment of AML and a large number of
researchers have done a lot of related experiments. Other somatic mutations in cancer-related genes,
acquired resistance mutations in FLT3, activation of alternate signaling pathways, and other causes of
resistance to FLT3 inhibitors have also been discovered, but due to the short time to market of gilteritinib,
There are still some questions to be solved, and future studies should focus on gilteritinib and other drug
combinations, study the therapeutic effect of gilteritinib on other leukemia types, and further explore the
therapeutic use of this drug in different leukemia subtypes.
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