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Background: Cancer is regarded as an undoubtable major concern for both researchers and the general
public because of its high mortality rates. While breast cancer has the highest incidence of malignancy
globally, colon cancer also has high morbidity and mortality rates. Currently, researchers are working on
designing, synthesizing, and biologically investigating the effects of some potential anticancer
candidates.

Methods: The authors successfully synthesized and characterized two potential spebrutinib analogues.
These analogues were evaluated with the employment of MCF-7, HCT116, and MDCK cell lines.

Results: With respect to the spebrutinib standard, one of these analogues had superior activity against
the MCF-7 cell line (IC50; 10.744 pg/mL against 13.566 pg/mL for spebrutinib) and an enhanced toxicity
profile on the MDCK cell line (IC50; 8.653 mg/mL against 4.011 mg/mL for spebrutinib).
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Abstract

Background: Cancer is regarded as an undoubtable major concern for both researchers and the
general public because of its high mortality rates. While breast cancer has the highest incidence of
malignancy globally, colon cancer also has high morbidity and mortality rates. Currently,
researchers are working on designing, synthesizing, and biologically investigating the effects of
some potential anticancer candidates.

Methods: The authors successfully synthesized and characterized two potential spebrutinib
analogues. These analogues were evaluated with the employment of MCF-7, HCT116, and MDCK
cell lines.

Results: With respect to the spebrutinib standard, one of these analogues had superior activity
against the MCF-7 cell line (IC50; 10.744 pg/mL against 13.566 pg/mL for spebrutinib) and an
enhanced toxicity profile on the MDCK cell line (IC50; 8.653 mg/mL against 4.011 mg/mL for
spebrutinib).

Introduction

Cancer is the second leading cause of deaths worldwide [1] and is thus a major concern for
researchers. Although death rates from communicable diseases have improved worldwide as a
result of medical improvements, cancer-related mortality has increased by almost 40% in the past
40 years. In the next 15 years, a further 60% rise is expected, with 13 million people estimated to
die of cancer in 2030 [2].
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Breast cancer has the highest global incidence of malignancy among women, representing 25% of
all cancers. A higher mortality rate has been shown to be even higher among women, especially
in low-income countries [3]. In a published study, the incidence of breast cancer in Iraqi women
was found to represent 33.8% of all cancers registered in females aged >15 years in Iraq during
2000-2009, with a total of 23,792 confirmed cases [4].

Colon cancer, diverted malignancies of the gastrointestinal tract, also has high global morbidity
and mortality rates [5,6]. This is associated with timely progressive incidence [7]. The United
States and Europe are considered as the regions with highest incidence [8]. China comes in third
place in colon malignant tumour incidence [9].

Therefore, there is a compelling need to develop new drugs to treat this life-threatening disease.
Conventional chemotherapy is associated with several side effects [10]. In recent years, the
development and use of small molecules such as tyrosine kinase inhibitors (Imatinib, Spebrutinib,
Gefitinib, Sunitinib, semaxinib etc.,) in the treatment of cancer has helped scientists understand
the molecular mechanisms of this disease [11]. Targeting enzymes involved in the signal
transduction pathways of protein kinases that regulate cellular growth and multiplication is one of
the approaches in developing new anticancer drugs [12,13].

Scientists have also recognized tyrosine kinases as potential targets to suppress or even cure breast
cancers [ 14]. Consequently, many tyrosine kinase inhibitors (TKI) have been developed and tested
[15-17], but the off-target serious side effects of these TKIs are a major obstacle [18-21].

For some prestigious journal publishers, the biological investigation of newly synthesized potential
anticancer candidates is necessary [22]. In this work, the authors aimed to synthesize, characterize,
and biologically evaluate new TKIs that show superior activity and reduced toxicity.

Materials & Methods
2.1 Materials:
The materials used in this work are shown in Table 1.

2.2 Cell lines
The following types of cell lines were used in this study:

1. MCF-7 Breast cancer

2. HCT116 colorectal cancer cells

3. MDCK kidney normal cells.
Cell lines were kindly contributed from the international cell line collection of Dr. Hamid N. Obied
(M.B.CH.B., MSc, PhD Pharmacology, Lecturer and researcher in anticancer at the Department
of Clinical Pharmacology, College of Medicine, University of Babylon, and the head of the cancer
cell research unit at the Al-Fadhil Foundation for educational services, training and development
— branch of Babylon).
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81 2.3 Instruments

82 The instruments used in this work are listed in Table 2.

83

84 2.4 Methods:

85

86 2.5 Chemical synthesis:

87  The overall chemical syntheses are revealed in scheme (1).

88 The following chemical methods were used for the spebrutinib analogue preparations [15]:

89 2.5.1 Synthesis of compound (2a) N-(3-((5-fluoro-2-((4-(2-
90 methoxyethoxy)phenyl)amino)pyrimidin-4-yl)amino)phenyl)benzamide.

91 1. Benzoyl chloride (309 mg, 2.2 mmol) was added to a stirred solution of compound (1) (665
92 mg, 1.8 mmol) and potassium carbonate (1.24 g, 9 mmol) in THF (12 mL) at 0°C, and the reaction
93 mixture was stirred at 0°C for 45 min.

94 2. The reaction mixture was added drop-wise to a cold solution of 10% NaHCO3 (12 mL)
95 while being stirred, and was stirred at the same temperature (0°C) for 30 min.

9% 3. A solid precipitate was isolated by filtration and washed with cold water and hexane, and
97 then was dissolved in a mixture of methanol/dichloromethane (50:50, 10 mL) and was
98 concentrated under reduced pressure.

99 4. The residue obtained was suspended in cold water (20 mL), Et3N was added to it, and then
100 it was extracted with ethyl acetate (2 x 20 mL).
101 5. The combined ethyl acetate extract was washed with water (10 mL) and concentrated under
102 reduced pressure in a desiccator to get 2-a (0.761 mg, 89%).
103
104 2.5.2 Synthesis of compound (2-b) N-(3-((5-fluoro-2-((4-(2-
105 methoxyethoxy)phenyl)amino)pyrimidin-4-yl)amino)phenyl)pivalamide.
106 1. Trimethylacetyl chloride (266 mg, 2.2 mmol) was added to a stirred solution of compound

107 (1) (665 mg, 1.8 mmol) and potassium carbonate (1.24 g, 9 mmol) in THF (12 mL) at 0°C, and the
108 reaction mixture was then stirred at 0°C for 45 min.

109 2. The reaction mixture was added drop-wise to a cold solution of 10% NaHCO3 (12 mL)
110  being stirred, and was stirred at the same temperature (0°C) for 30 min.

111 3. A solid precipitate was isolated by filtration and washed with cold water and hexane, was
112 dissolved in a mixture of methanol/dichloromethane (50:50, 10 mL) and was concentrated under
113  reduced pressure.

114 4. The residue obtained was suspended in cold water (20 mL), Et3N was added to it, and then
115 it was extracted with ethyl acetate (2 x 20 mL).

116 5. The combined ethyl acetate extract was washed with water (10 mL) and concentrated under
117 reduced pressure in a desiccator to get 2b (0.705 mg, 86%).

118

119

120
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121 2.6 Cell line preparation:

122 The cell lines were cultured in medium 1640 (RPMI-1640, Gibco-BRL), with 10% heat-
123 inactivated fetal bovine serum (FBS) (Gibco). Cell lines were allocated in Celltreat® 96 well cell
124  culture plates and incubated to grow at 37°C. The time of cell culture was optimized to 24 hours
125 (from 72 hours originally) and the steps involved in the cell line part of this work are listed below:
126

127 2.7 MTT stock solution preparation:

128 25-mg was accurately weighed and transferred into a suitable flask. Then, 5-ml of DMSO was
129 added and the MTT was completely dissolved. The 5-ml of 5mg/ml was filtered into a 12.mL
130 centrifuge tube with 0.22um sterile filters, and the tube was foiled with aluminium sheet as the
131 MTT solution is light sensitive. This solution was kept in the fridge during the preparation of the
132 working solution.

133

134 2.8 MTT working solution preparation:

135 According to the protocols, the working concentration of MTT is 0.5mg/ml. This is 10% v/v of
136 the stock solution. For a final volume of 12 ml of cell-medium with 10% MTT, the following
137 dilutions were performed. 10.600 ml of cell medium was accurately measured and allocated into
138 a suitable flask. Then 2.400 ml of MTT stock solution was added to the medium and adequately
139 homogenized. The cell-medium with 10% MTT was ready to be utilized for cell-lines and an
140 incubation period of 3 hrs.

141

142 2.9 Preparation of working concentrations from each test chemical for the cell-lines:

143 A suitable amount of each chemical was dissolved in DMSO to get a stock solution with a
144  concentration of 5mg/ml for each chemical and standard. After several cell line trials, the
145 concentration was optimized for 50pg/ml as the higher concentration from which a serial dilution
146  was performed. For each standard and synthesized chemical, 990-ul of the medium was accurately
147 measured and 10-pl from the Smg/ml was added and homogenized to get a final concentration of
148 50 pg/ml and a final concentration of 1% for the DMSO. Serial dilution was performed for each
149  to get the following concentrations: 50, 25, 12.5, 6.25, 3.125, and 1.5625 pg/ml.

150

151  2.10 Stock solution preparation:

152  An accurately weighed amount of each synthesized chemical compound was dissolved in pure
153 DMSO to get a concentration of Smg/mL. After complete dissolution, the solutions were filtered
154  through a 0.2 um sterile filter. 10 pL of the above filtrate was further diluted with 990 uLL of RPMI-
155 1640 medium to get a final concentration of 50 pg/mL. A serial dilution was prepared from the
156 above concentration to get 50, 25, 12.5, 6.25, and 3.125 pg/mL.

157

158 2.11 Application of the chemicals on the cell-lines:

159 The above serial dilution solutions were added in 200 pl portions for each well in triplicates and
160 incubated for 24 hrs. After the incubation period, the plates were visualized with an inverted
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161 microscope and screen shots were captured for each well. The media was replaced with 10% MTT
162 media and incubated for 3 hours. After the 3 hours of incubation, the media was removed, and the
163  wells were washed with phosphate buffer saline (PBS). Finally, a 200.ul portion of DMSO was
164 added into each well and left for 30 minutes and was read with a plate reader at 630 nm.

165

166  Results and Discussion
167 3.1 Results of chemical synthesis:

168 The data supplied in Table 3 are valuable. The observed melting points were observed with a Differential
169  Scanning Calorimeter (DSC), a very sensitive instrument from Shimadzu that provides the melting point to two
170  decimal places, a task that is apparently impossible for the traditional capillary apparatus. In the DSC chart, the
171  temperature is raised until the chemical compound reaches its melting point (Tm). The chart will spike at that
172  temperature, as the melting process causes an endothermic change that appears as a peak in the DSC curve. The
173  DSC is considered a very sensitive technique to record characteristic melting points for various analytes, due to its
174  capability to record enthalpies and transition temperatures with noticeable sensitivity [23]. In this study, the
175  melting points were recorded for spebrutinib and the synthesized compounds.

176 The estimated log P (Octanol-water partition coefficient) parameters, hydrogen bond donors, and hydrogen
177  bond acceptors comply well with Lipinski’s rule of five. In 1997, Christopher A. Lipinski and his team tested many
178  drug molecules and concluded that a compound is more likely to be orally active if it does not breach more than
179  one of the following rules [24-28]:

180 1. Hydrogen bond donors < 5 (the sum of the N-H and O-H bonds).
181 2. Hydrogen bond acceptors < 10 (the sum of the N and O atoms).
182 3. A molecular mass no greater than 500 Daltons.

183 4. Alog P no greater than s.

184 However, rotatable bond count is another issue that correlates with the oral absorption feature of drugs. To have
185 good oral bioavailability, the drug has to have no more than 10 rotatable bonds. This feature is achieved with
186 compound 2a. In the same context, the drug likeliness is close if the topological polar surface area is equal to or
187  less than 140 A2, which has been observed for all the synthesized compounds [29].

188 The tPSA is the summation of the total polar atoms on the surface of a molecule, and these atoms basically are
189  comprised of oxygen and nitrogen along with the attached hydrogens. tPSA is a widely utilized tool in medicinal
190 chemistry to judge whether a drug is capable of permeating into cells. To permeate into enterocytes and become
191  orally bioavailable, the tPSA of a molecule has to be lower than 140 square angstroms, and a tPSA less than go
192  square angstroms confirms the molecules are able to penetrate the blood-brain barrier and become bioavailable to
193  the CNS [30-32].

194 In chemistry, the amount of product obtained in a chemical reaction divided by the amount calculated for a
195 theoretical yield is known as the percent yield, which is a measure of the reaction efficiency. Yields less than 40%
196 are considered poor, more than 50% are considered fair, greater than 70% are considered good, greater than 80%
197  are very good, greater than 9o% are excellent, and yields near 100% are known as quantitative yields [33,34].
198  Accordingly, the percent yields of the chemical syntheses in this work are considered very good.

199 Three spebrutinib analogues were successfully synthesized. Thereafter, the selected chemical and physical
200 parameters of the synthesized compounds are tabulated in Table 3 and Table 4:

201

202 3.2 Results of characterization of the synthesized compounds:

203 3.2.1 FT-IR Characterization:

204 Infrared spectroscopy is considered a fast, robust, non-destructive tool and is utilized frequently in drug analysis

205 and characterization [35]. The carbonyl functional group is very characteristic of chemical compounds when
206 employing FT-IR instrumentation [36]. In this work, FT-IR was primarily utilized to identify and confirm the
207  structures of the synthesized compounds based on the appearance and disappearance of the characteristic bands
208 in the observed spectra. The appearance of the amide carbonyl band was characteristic of all shown spectra.

209
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3.2.1.1 FT-IR Characterization of compound 2a

3272 cm-1 (N-H stretch of amide), 1649 cm-1 (C=0 stretch of amide), 1492 cm-1 (C-C stretch of aromatic), 1437
cm-1 (C-C stretch of aromatic (in-ring)).

3.2.1.2 FT-IR Characterization of compound 2b

3432 cm-1 (N-H stretch of amide), 3364 cm-1 and 3207 cm-1 (N-H stretch of 2° amines), 1660 cm-1 (C=0 stretch
of amide), 1424 cm-1 (C-C stretch of aromatic (in-ring)).

3.2.2 Elemental Microanalysis (CHN):

Elemental microanalysis is considered a fundamental tool for chemical compound identification. It measures the
elemental carbon, hydrogen, and nitrogen (CHN) contents of a chemical compound using an elemental analyzer
[37]. High-accuracy CHN analyzers have been globally utilized for chemical compound identification, and in
general, an error no greater than 0.4% is required for these types of analyses [38]. In this study, all the synthesized
compounds had errors less than 0.4% (0.21%-0.37%), which indicates a high accuracy and low content of impurities.
Elemental microanalyses were performed for the spebrutinib and the synthesized compounds, and the results are
tabulated in Table 5.

3.2.3 1H NMR Characterization:
3.2.3.11H NMR Characterization of compound 2a and their interpretations are shown in Table 6.

3.2.3.2 1H NMR Characterization of compound 2b and their interpretations are shown in Table 7.

Results of the biological effect of the synthesized compounds on cancerous and normal cell-lines:
3.3 Effect on HCT116 colorectal cancer cell-line:

3.3.1 The effect of Spebrutinib is shown in Figure 1.

3.3.2 The effect of compound 2a is shown in Figure 2.

3.3.3 The effect of compound 2b is shown in Figure 3.
3.4 Effect on MCF-7 breast cancer cell-line:

3.4.1 The effect on the MCF-7 breast cancer cell-line is shown in Figure 4.
3.4.2 The effect of compound 2a is shown in Figure 5.

3.4.3 The effect of compound 2b is shown in Figure 6.

3.5 Effect on MDCK kidney normal cell-line:

The ex vivo toxicity of the synthesized spebrutinib analogues were evaluated by applying these synthesized
chemicals on the Madin-Darby Canine Kidney (MDCK) epithelial cell line (non-cancerous, normal kidney cells).
These cells were derived by S. H. Madin and N. B. Darby from the kidney tissue of an adult female cocker spaniel.

3.5.1 The effect of Spebrutinib is shown in Figure 7.

3.5.2 The effect of compound 2a is shown in Figure 8.

3.5.3 The effect of compound 2b is shown in Figure 9.
The IC50 for the synthesized compounds and the spebrutinib standard for the HCT116, MCF-7,
and the MDCK cell lines are shown in Table 8.

Results of the biological effect of the synthesized compounds on the cancerous and normal cell-
lines:

The time of incubation was optimized to 48 hours instead of 72 hours, and eventually an incubation
period of 24 hours was selected. The concentrations of the synthesized chemicals that were applied
to the cells were optimized, starting with the highest concentration of 1 mg/L and reaching the
optimized high concentration of 50 pug/mL.
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253 Thereafter, the serial dilution performed from 50 pg/mL was mathematically accepted to give good
254  representative curves. The sketched curves possessed good correlation coefficients. Furthermore,
255 the half maximal inhibitory concentration (IC50) values were mostly in the middle of the curves
256 to exclude any proposed drift in the curves if any existed. The IC50 is a measure of the
257 effectiveness of the synthesized chemical compound in inhibiting cell growth.

258 The cell lines were meaningfully chosen and accurately selected. Colorectal cancer is classified as
259 the third most common cancer, excluding skin cancers, in occurrence in the US for both sexes. The
260 American Cancer Society has proposed the number of colorectal cancer cases as 44,180 new cases
261 ofrectal cancer and 101,420 new cases of colon cancer in 2019 [39]. Excluding skin cancers, breast
262 cancer is classified as the highest occurring cancer in the US for women. The American Cancer
263  Society has estimated the number of breats cancer cases in 2019 as 268,600 new cases of invasive
264 breast cancer and 62,930 new cases of non-invasive breast cancer. [40].

265 To evaluate the selectivity of the newly synthesized compounds toward the cancer cells, it is
266 essential to test their toxicity on normal (non-cancerous) cells [41,43]. A large number of authors
267 have utilized the MDCK cell line for cell viability studies [44-52]. Because of this fact, and their
268 availability, the MDCK cell lines were selected.

269 Table 8 shows the net results of this work, revealing the biological effects of the chemically
270 synthesized compounds on cancerous and normal cells. This brief comparison gives valuable
271 information. To critically analyse the observed data, it will be categorized below for each
272 compound and then for each cell :

273 1. The spebrutinib standard shows close values of IC50 for both HCT116 and MCF-7 cell
274  lines with priority for the HCT116 cells. In the same context of spebrutinib, the IC50 for MDCK
275 cells shows approximately 300-fold the concentration required for the activity against both
276 HCT116 and MCF-7 cell lines. This reveals a much greater selectivity toward cancerous cells than
277 toward the normal non-cancerous cells.

278 2. For compound 2a, the IC50 value for the HCT116 cells is three-fold its value for MCF-7
279  cells. In other words, compound 2a has superior activity for MCF-7 cells than for the HCT116
280 cells. Moreover, the IC50 of compound 2a for MDCK shows approximately 250-fold and 800-fold
281  of the concentration required for activity against the HCT116 and MCF-7 cell lines, respectively.
282 This indicates an excellent selectivity toward the cancerous cells, with better selectivity toward the
283 MCF-7 cell line.

284 3. For compound 2b, the IC50 value for the HCT116 cells is 1.3-fold its value for MCF-7
285 cells. Accordingly, compound 2b has better activity for MCF-7 cells than for the HCT116 cells.
286 Moreover, the IC50 of compound 2b for MDCK shows approximately 67-fold and 89-fold of the
287 concentration required for activity against the HCT116 and MCF-7 cell lines, respectively. This
288 indicates an acceptable selectivity margin toward the cancerous cells, with better selectivity toward
289 the MCF-7 cell line.

290 According to the European Medicines Agency (EMA) (with respect to the “Nonclinical Evaluation
291  for Anticancer Pharmaceuticals”), “a common approach for many small molecules is to set a start
292 dose at 1/10 the Severely Toxic Dose in 10% of the animals (STD 10) in rodents [30]. If the non-
293 rodent is the most appropriate species, then 1/6 the Highest Non-Severely Toxic Dose (HNSTD)
294  is considered an appropriate starting dose. The HNSTD is defined as the highest dose level that
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295 does not produce evidence of lethality, life-threatening toxicities or irreversible findings” [53]. In
296  all the previously discussed findings, the proposed therapeutic doses are much lower than the “one-
297 tenth” portion of the STD 10. Accordingly, the therapeutic doses can be reduced to be equal or
298 below the micromolar concentrations recommended by many researches [54,56]

299 4. For the HCT116 cell line, the IC50 for the spebrutinib standard has the lowest value,
300 followed by compound 2b and lastly compound 2a. Compound 2b has twice the IC50 value when
301 compared to the spebrutinib standard, and compound 2a has trice the IC50 value for the standard.

302 5. The MCF-7 cell line has the most interesting findings. Compound 2a has the lowest IC50
303 value, which indicates better cytotoxic activity than the spebrutinib standard. Spebrutinib has the
304 middle value for IC50 (1.25 times of that of compound 2a). Finally, compound 2b has the highest
305 IC50 value.

306 6. For the MDCK cell line, the IC50 values reveal valuable information. For example, compound 2b has the
307  lowest IC50 value, which means it is the most toxic in respect to compounds 2a and standard. On the other hand,
308 the IC50 for compound 2a has approximately twice the IC50 value of that of the spebrutinib standard. To
309 summarize, compound 2a has better activity and lower toxicity than the spebrutinib standard.

310

311 Conclusions

312 In this work, the authors conclude that the two new spebrutinib analogues were successfully
313 synthesized and characterized, and the synthesized compounds were found to have biological
314  activity. For the biological effects against breast cancer cell lines, compound 2b has approximately
315 1.4-times the IC50 value of that of spebrutinib. Compound 2a has the lowest IC50 value,
316 approximately 0.8-times that of spebrutinib. This indicates better cytotoxic activity than the
317  spebrutinib standard. Furthermore, compound 2a has a better toxicity profile (IC50 8.633 mg/mL)
318 regarding the normal kidney cell line in respect to spebrutinib (IC50 4.011 mg/mL).

319
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Table 1l(on next page)

Utilized materials with their manufacturers and countries of origin.
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1

Table (1): Utilized materials with their manufacturers and countries of origin.

# Material Manufacturer | Country
1 Spebrutinib AVL-292 BLDpharm CHINA
(99.48%)
2 N4-(3-Aminophenyl)-5- BLDpharm CHINA
fluoro-N2-(4-(2-
methoxyethoxy)
phenyl)pyrimidine-2,4-
diamine (98%)
3 Tetrahydrofuran A.R. SCR CHINA
(99%)
Potassium carbonate A.R. SCR CHINA
(99%)
4 | Tetramethylacetyl chloride Sigma- USA
(99%) Aldrich
5 Benzoyl chloride A.R. CDH INDIA
(99.5%)
6 n-Hexane (95%) GCC UK
7 Dichloromethane HPLC- GCC UK
grade (99.8%)
8 Sodium hydrogen HIMEDIA INDIA
carbonate, A.R. (99.5%)
9 | Methanol absolute HPLC- Biosolve FRANCE
grade Chimie SARL
10 Dimethyl sulphoxide CDH INDIA
(99%)
u Cellulose acetate
membrane filter pore size chm SPAIN
0.2 pm diameter 25 mm.
12 MTT
(3.[4,5.'dlmethylth1azoli.2.yl] Roth GERMANY
.2,5.diphenyl tetrazolium
bromide)
B3 Celltreat® 96 Well Cell CEL.L TR.EAT
Scientific USA
Culture Plates
Products
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Table 2(on next page)

Employed instruments with their manufacturers and countries of origin.
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2 Table (2): Employed instruments with their manufacturers and countries of origin.

# Instrument Manufacturer Country
1 4-digit balance Sartorius Lab | GERMANY
2 Hotplate stirrer LabTech KOREA
3 DSC (Differential Shimadzu JAPAN
Scanning
Calorimeter) Thermal
Analyzer
4 | 1-stage vacuum pump Wenling CHINA
5 Pa Y4 HP Aitcool
5 Melting point BioCote UK
apparatus
6 CHN Elemental EURO EA ITALY
Analyzer 3000
7 Clean Bench LabTech KOREA
8 Incubator UN 55 Memmert GERMANY
9 | Microplate reader 8oo BioTek USA
TS
10 | Inverted Microscope Zeiss GERMANY

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27755v1 | CC BY 4.0 Open Access | rec: 24 May 2019, publ: 24 May 2019




Table 3(on next page)

Select chemical parameters of the spebrutinib standard and the synthesized
compounds.
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1 Table (4) Select chemical parameters of the spebrutinib standard and the synthesized compounds.
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Table 4(on next page)

1H NMR data and the interpretations of compound 2b.
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Table (7) 1tH NMR data and the interpretations of compound 2b.

¢ b
ij\N 0\/\0/
BJ\ d
€ e X
N N
g LN @

- T—2Z

C24H28FN503

Chemical group
Chemical Shift
(ppm)
Integrations
No. of Hydrogens
Interpretations

Y]
-
T
)}

Singlet, for
CH3
protons

8.94

el

b 3.32 3.15 3 Singlet, for
CH3
protons

c 3.65 213 2 Triplet, for
CH2
protons

d 4.03 2.03 2 Triplet, for
CHz
protons

A+B+C 6.63-8.09 9.57 9 Aromatics,
rings; A, B,
C,and D.

e 9.03 0.96 1 Singlet, for
N-H
proton as
indicated.

f 9.21 0.99 1 Singlet, for
N-H
proton as
indicated.

g 9.36 0.67 1 Singlet, for
N-H
proton as
indicated.

Sum= Total=
28.44 28
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Table 5(on next page)

Elemental microanalyses of spebrutinib and the synthesized compounds.
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2 Table (5) Elemental microanalyses of spebrutinib and the synthesized compounds.

= . Elemental microanalyses %
2 = 7
E | E | B
n =l
v |2 | 5| % g i
35 3 2 QE" = g
5] = g &
a, =) % 2 = )
12 | =" S o
)
C 62.400 62.358
8 Q - H 5.240 5.191
[~ Z <
1 F H
= | 2|49
< R N N 16.540 16.452
9]
Sum 8418 84.001
% Deviation 0.21%
S C 65.950 65.897
z A H 5.110 4.920
T
N 3 Q
L
Eﬁ N 14.790 14.718
o
Sum 85.85 85.535
% Deviation 0.37%
C 63.560 63.470
Sm N H 6.220 6.195
2|5 | A
Tz | ¥
Y N 15.440 15.293
9]
Sum 85.22 84.958
% Deviation 0.31%
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Table 6(on next page)

Some of the physical parameters of spebrutinib and the synthesized analogues.

*tPSA = topological polar surface area.

** melting points were observed with DSC.
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Table (3) Some of the physical parameters of spebrutinib and the synthesized analogues.

Compound

Physical

m.p.

*
symbol appearance | (°C)** LogP | tPSA
AVL-292 White 174.68 . 96.34

powder 3.7 A
2a Faint 148.92
yellowish- 96.34
brown 494 A2
crystals
2b White 152.06 p
fluffy 4.97 9 -34
A
powder

*tPSA = topological polar surface area.

** melting points were observed with DSC.

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27755v1 | CC BY 4.0 Open Access | rec: 24 May 2019, publ: 24 May 2019




Table 7(on next page)

1H NMR data and the interpretations of compound 2a.

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27755v1 | CC BY 4.0 Open Access | rec: 24 May 2019, publ: 24 May 2019




Table (6) 1H NMR data and the interpretations of compound 2a.

b a
o
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o 2
= (%)
5 £z B |¢
(=10) 2N =] = —
= TE | B =2 g
g =& & T =
=] E = ] S =
g o = © s
5 @) ~ £ =
a 3.32 3.00 3 Singlet,
for CH3
protons
b 3.65 1.80 2 Triplet, for
CH2
protons
c 4.04 1.94 2 Triplet, for
CH2
protons
A+B+C+D 6.38- 14.43 14 Aromatics,
7.66 rings; A, B,
C,and D.
d 8.06 1.01 1 Singlet,
for N-H
proton as
indicated.
e 8.96 0.98 1 Singlet,
for N-H
proton as
indicated.
f 9.07 0.98 1 Singlet,
for N-H
proton as
indicated.
Sums= Total=
24.14 24
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Table 8(on next page)

A summary for IC50 for the cell lines and chemical compounds specified.
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Table (8) a summary for IC50 for the cell lines and chemical compounds specified.

Cell IC50 AVL- IC50 2a IC50 2b
line 202
HCTu6 | 173 pg/mL | 34.05 pg/mL | 25.53 pg/mL
MCF-7 | 13.566 pg/mL | 10.744 pg/mL | 19.23 pg/mL
MDCK | g.oumg/mL | 8.653 mg/mL | 1.705 mg/mL
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Figure 1 (on next page)

the percent viable cells versus concentration of compound 2a after 24-hours’ incubation
of HCT116 colorectal cancer cell line.
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Figure (2) the percent viable cells versus concentration of compound 2a after 24-hours’ incubation of HCT116 colorectal cancer cell line.
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Figure 2 (on next page)

the percent viable cells versus concentration of spebrutinib standard after 24-hours’
incubation of MCF-7 breast cancer cell line.
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Figure (4) the percent viable cells versus concentration of spebrutinib standard after 24-hours’” incubation of MCF-7 breast cancer cell line.
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Figure 3(on next page)

the percent viable cells versus concentration of compound 2b after 24-hours’ incubation
of MCF-7 breast cancer cell line.
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Figure (6) the percent viable cells versus concentration of compound 2b after 24-hours’ incubation of MCF-7 breast cancer cell line.
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Figure 4 (on next page)

the percent viable cells versus concentration of compound 2a after 24-hours’ incubation
of MCF-7 breast cancer cell line.
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Figure (5) the percent viable cells versus concentration of compound 2a after 24-hours’ incubation of MCF-7 breast cancer cell line.
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Figure 5(on next page)

the percent viable cells versus concentration of spebrutinib standard after 24-hours’
incubation of MDCK kidney normal cell line.
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Figure (7) the percent viable cells versus concentration of spebrutinib standard after 24-hours’ incubation of MDCK kidney normal cell line.
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Figure 6(on next page)

the percent viable cells versus concentration of compound 2a after 24-hours’ incubation
of MDCK kidney normal cell line.
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Figure (8) the percent viable cells versus concentration of compound 2a after 24-hours’ incubation of MDCK kidney normal cell line.
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Figure 7 (on next page)

the percent viable cells versus concentration of spebrutinib standard after 24-hours[]
incubation of HCT116 colorectal cancer cell line.
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Figure (1) the percent viable cells versus concentration of spebrutinib standard after 24-hours’ incubation of HCT116 colorectal cancer
cell line.
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Figure 8(on next page)

the percent viable cells versus concentration of compound 2b after 24-hours[] incubation
of MDCK kidney normal cell line.
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Figure (9) the percent viable cells versus concentration of compound 2b after 24-hours’ incubation of MDCK kidney normal cell line.
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Figure 9(on next page)

the percent viable cells versus concentration of compound 2a after 24-hours[] incubation
of HCT116 colorectal cancer cell line.
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Figure (3) the percent viable cells versus concentration of compound 2a after 24-hours’ incubation of HCTu6 colorectal cancer cell line.
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Figure 10(on next page)

reveals the chemical syntheses and reaction conditions of compounds 2a and 2b.

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27755v1 | CC BY 4.0 Open Access | rec: 24 May 2019, publ: 24 May 2019




B S g
1 |
H.N \NJ\N

H

N O

. B

R Cl

K,COj, stir 45 min. 0°C, NaHCO;,
stir 30 min. 0°C, 86-89%.

F (o)
r 7T
«
2 aand 2b H‘N N N
H

2 a =

R o
2 b R=X

Scheme (1) reveals the chemical syntheses and reaction conditions of compounds 2a and 2b.

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.27755v1 | CC BY 4.0 Open Access | rec: 24 May 2019, publ: 24 May 2019




