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Abstract
A new family of diphenylpyrimidine derivatives bearing an amino acid

substituent were identified as potent BTK inhibitors. Among them, compound 7b,
which features an L-proline substituent, was identified as the strongest BTK inhibitor,
with an 1Cso 0f 8.7 nM. Compound 7b also displayed similar activity against B-cell
lymphoma cell lines as ibrutinib. Moreover, 7b exhibited low cytotoxic activity
against normal PBMC cells. In addition, the acridine orange/ethidium bromide
(AO/EB) staining assay, Western blot analysis and flow cytometry analysis also
showed its effectiveness in interfering with B-cell lymphoma cell growth. The
molecular simulation performance showed that 7b forms additional strong hydrogen
bonds with the BTK protein. All these findings provided new clues about the
pyrimidine scaffold as an effective BTK inhibitor for the treatment of B-cell

lymphoma.
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1. Introduction

Bruton's tyrosine kinase (BTK), a member of the Tec family of non-receptor
tyrosine kinases, plays a key role in the B-cell signaling pathway linking the cell
surface B-cell receptor (BCR) stimulation to downstream intracellular responses [1-3].
A number of B-cell-derived malignancies, including chronic lymphocytic leukemia
(CLL), acute lymphoblastic leukemia (ALL), mantle cell lymphoma (MCL),
Waldenstrom’s macroglobulinemia (WM) and multiple myeloma (MM), are related to
the dysregulation of BTK kinase [4,5]. Ibrutinib is the first-in-class BTK inhibitor,
which demonstrated high efficacy in patients with CLL, MCL, WM, MM, etc. [6-8].
Additionally, a number of covalent and noncovalent BTK inhibitors, including
spebrutinib (2) (ClinicalTrials.gov identifier: NCT01744626) [9], and PLS-123 (3)
[10] have also been advanced to preclinical or clinical trial studies (Fig. 1). Recently,
our immense interest in finding effective BTK inhibitors also led to the identification
of a set of novel diphenylpyrimidine (DPPY) analogues, including Pho-DPPY (4)
[11], SFA-DPPY (5) [12] <and Imi-DPPY (6) [13], which exhibited improved
anti-B-cell lymphoma activity compared with ibrutinib (Fig. 1). Their structure and
activity relationships (SARs) showed that the pyrimidine core, along with a C-4
N-phenylacrylamide functionality are essential for their high anti-BTK activity. The
co-crystal structure of the typical BTK inhibitor 1 with the BTK enzyme also revealed
that the acryloyl substituent binds strongly through a covalent bond to the Cys481
residue in the BTK enzyme, while the C-2 aniline side chain of the pyrimidine core is
in tight contact with the Ser538, Asp539 and Lys430 residues at the bottom of the
ATP-binding pocket. All these binding forces contribute to the strong inhibitory
potency of this BTK inhibitor [11-16].



Fig. 1 Structures of the novel BTK inhibitors.
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Fig. 2 Discovery strategy of the new DPPYs as potent BTK inhibitors.

Amino acid-substituted derivatives, especially the short synthetic and long-acting
peptide, are involved in a variety of physiological and pathological processes. Drugs
that bear an amino acid functionality play very important roles in modulating various
cell functions, and have been successfully applied to treat certain human diseases

[17,18]. For example, goserelin (a synthetic gonadotropin-releasing hormone analog,
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marketed as Zoladex®) is applied to treat breast cancer and prostate cancer [19],
glatiramer acetate (a synthetic peptide with four amino acids, marketed as Copaxone®)
is used to treat multiple sclerosis [20], and exenatide (a synthetic glucagon-like
peptide-1 analog, marketed as Byetta®) is used to treat type 2 diabetes [21]:
Accordingly, amino acid derivatives do favor forming hydrogen-bonds with proteins,
thus contributing to enhance the contact with target proteins [22,23]. Therefore,
various amino acid -substituted aniline side chains were installed on the C-2 position
of the pyrimidine scaffold to form strong hydrogen bond with BTK (Fig. 2). The
synthesis of these amino acid-substituted DPPY derivatives, and their biological
evaluation of their activity against the BTK enzyme and B-cell lymphoma cell lines

are described in this study.
2. Results and Discussion

2.1 Chemistry

The amino acid -substituted pyrimidine analogues were synthesized as illustrated
in Scheme 1. 3-Nitroaniline (8) was reacted with acryloyl chlorine in the NaHCO3
base to produce the intermediate N-acryloyl-4-nitrobenzamide (9), which was then
reduced by the Fe-NH4Cl reagent to form the 4-aminobenzamide derivative (10).
After regioselective substitution of the C-4 chlorine atom in the
2,4,5-trichloropyrimidine reagent with aniline 10, the key pyrimidine intermediate 11
was prepared. Generally, the C-2 aniline side chains 12a-d were conveniently
synthesized via nucleophilic substitution, dehydration reaction, and reduction reaction
according to our previously reported procedures [24,25]. Finally, through the coupling
reactions of 11 with aniline intermediates 12a-d under the action of trifluoroacetic
acid (TFA) at reflux temperature, the title molecules 7a-d were obtained with yield

ranging from 12 to 23% [26].
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Scheme 1. Synthetic route of title compounds 7a-d. Reagents and conditions: (2) acryloyl chloride,
NaHCO;, CHsCN, rt, 0.5 h, 95%; (b) Fe-NH,Cl, ‘MeOH-H,O, 2 h, 70 °C, 72%; (c)
2,4,5-trichloropyrimidine, DIPEA, i-PrOH, 60°C, 2 h, 83%; (d) trifluoroacetic acid,
intermediates 12a-d 2-BuOH, 100 °C, 12 h, 12% to 23%.

Table 1. Biological activity of theamino acid -substituted diphenylpyrimidine derivatives 7a-d.
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Ibrutini

b <100.0 0.4 19.6 5.14 19.5

% Data represent the mean of at least three separate experiments. Dose-response curves were
determined at five concentrations. The ICsq values are the concentrations in nano- or micro-molar
needed to inhibit cell growth by 50%, as calculated using GraphPad Prism version 5.0.

2.2 Biological activity

All theamino acid-substitute pyrimidine analogues were evaluated for their
potency to inhibit the phosphorylation of BTK, EGFRT790M and the JAKS3 enzymes
using the ADP-Glo™ Kkinase assay system (Promega, USA) [27,28]. Moreover, their
antiproliferative activity against the B-cell lymphoma cell lines (Raji, Ramos,
NAMALWA) were also evaluated with the CCK-8 assay [29]. For comparison, the
representative anti-BTK agent ibrutinib was evaluated as well. The results of the
biological evaluations are presented in Table 1. These results showed that most of
these compounds effectively inhibited the BTK enzymatic activity at concentrations
ranging from 6.5 to 11.2 nM. Interestingly, these molecules are not active against both
EGFRT790M and the JAK3 enzymes (ICso >100 nM), indicating their improved
selectivity against BTK kinase. According to the kinase-based test result, it clearly
can be seen that the ester derivatives, including the L-alanine methyl ester, L-proline
methyl ester, and glycine methyl ester, which was installed on the C-2 aniline side
chain is favorable. Nevertheless, the acid derivative 7a, which was obtained by
hydrolyzing the ester substituent in compound 7d, has slightly reduced anti-BTK
enzymatic activity. In addition, their activity against the B-cell lymphoma cells also
showed that theseamino acid -substituted molecules could significantly inhibited the
proliferation of B-cell lymphoma cells at concentrations in the range of 4.8 to 29.3
uM. Apparently, the molecule 7a bearing an L-alanine amino acid is less effective in
inhibiting B-cell lymphoma cells, with an ICsq value higher than 40 uM. Notably, the
L-proline-substituted pyrimidine 7b displayed remarkably improved anti-proliferative
activity against NAMALWA (ICsp = 4.8 uM) and Raji (ICso = 6.7 uM) cells
compared with ibrutinib. Although L-alanine-substituted compound 7d and
glycine-substituted compound 7c are as potent as L-proline-substituted 7b in

inhibiting the BTK enzymatic activity, both of them are less active against the B-cell
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lymphoma cell lines (NAMALWA, Ramos and Raji). Possibly, the slightly high
hydrophilicity of the tetrahydropyrrole substituent in compound 7b results in its
enhanced anti-cancer activity. Compared with the novel drug ibrutinib, compound 7b
also displayed approximately 4 times higher activity to interfere with the proliferation
of NAMALWA cells, and 3-times higher activity to inhibit Raji cells activity,
respectively. Owing to these excellent kinase- and cell-based biological property,
compound 7b was selected to perform the further biological evaluation. The
4',6-diamidino-2-phenylindole (DAPI) and AO/ EB staining assays for the potent
inhibitor 7b showed its higher pro-apoptotic activity in NAMALWA cells than that of
ibrutinib at similar concentration (5 uM) (Fig. 3). Furthermore, the effects of
compound 7b were also analyzed in normal peripheral blood mononuclear cells
(PBMC) using the AO/EB staining assay. The results of the analysis revealed its low
cytotoxicity at concentrations of 5, 10 and 20 uM (Fig. 4). Additionally, inhibitor 7b
also exerted significant effects on the viability of NAMALWA cells in a dose- and
time-dependent manner. Also, treatment with inhibitor 7b at the concentration of 2

uM for 72 h almost completely inhibited NAMALWA cells (Fig. 5).
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Fig. 3 AO/EB staining assays for the potent compound 7b.
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Fig. 4 Cell cytotoxicity of compound 7b against the normal PBMC cells.
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Fig. 5 The effects of compound 7b on the cell viability of NAMALWA cells.

Apoptosis is a biologically important type of cell death. The effect of compound
7b, the most active BTK inhibitor, on apoptosis was evaluated by flow cytometry
analysis of NAMALWA cells incubated with 1, 2 and 5 uM of compound 7b for 48 h.
The analysis results shown in Fig. 6, revealled that inhibitor 7b induced apoptosis in
NAMALWA cells, increasing the apoptosis rate from 10.77 to 22.08%. Noteworthy,
even at a low concentration of 1 uM, compound 7b induced higher apoptosis rate

(140.77%) than the reference agent ibrutinib (9.81%) at a concentration of 5 uM.
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Fig. 6 Compound 7b induced NAMALWA cell apoptosis in vitro. The cells were incubated with
the indicated concentrations of 7b for 48 h, and the cells were stained with annexin V/FTIC,
followed by flow cytometry analysis. One representative experiment is shown. p < 0.05.
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Fig. 7 Compound 7b and ibrutinib inhibited the activation of EGFR and downstream signaling in
NAMALWA cells harboring BTK protein.

To evaluate the effects of theamino acid-substituted pyrimidine derivatives on the
BTK activation and downstream signaling, the most active inhibitor 7b was tested for
its capability to interfere with the BTK activation and downstream signaling in

NAMALWA cells using ibrutinib as a control. The cells were treated with various
9



concentrations (1, 5, 10 pM) of inhibitor 7b for 48 h, and the expression and
activation of BTK and phosphorylated BTK (p-BTK) were determined by
immunoblotting analysis. The Western blot analysis results, presented in Fig. 7,
clearly showed that treatment with 7b inhibited the phosphorylation of BTK in a

dose-dependent manner. Additionally, compound 7b displayed as strong inhibitory

activity as that of ibrutinib, at the same drug concentration (10 pM).
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Fig. 8 Putative binding models of spebrutinib and the title molecules within BTK enzyme (PDB
code: 3GEN), a): spebrutinib, b): inhibitor 7b, ¢): inhibitor 7d, d): inhibitor 7a.
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2.3 Molecular docking

Using computer molecular simulation technology, we also examined the putative
binding mechanism of theamino acid-substituted analogues with the BTK protein.
Two of the most active inhibitors, namely 7b and 7d, in parallel with a less potent
inhibitor, namely 7a, were separately docked into the binding pocket of the BTK
protein (PDB code: 3GEN) [30]. The optimal binding conformations were obtained,
using the Autodock 4.2 software and its default parameters [31,32], and are presented
in Figures 8a-d. As expected, the designed pyrimidine derivatives form a strong
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hydrogen bond between the introducedamino acid functionality with the amino acid
Ser538 via a water molecule. However, for spebrutinib, this binding force is not
present. Moreover, although the two potent inhibitors 7b and 7d formed the important
covalent bond with the Cys481 residue as spebrutinib, the pyrimidine core in 7b and
7d moved farther away from the binding pocket than that in spebrutinib, thus resulting
in a significantly reduced anti-BTK activity (approximately 10 times lower). For the
less active inhibitor 7a, this movement also caused the loss of the important covalent
bond between acryoylamide with the Cys481 residue. Accordingly, compound 7a has
approximately 11-fold lower anti-BTK activity than compound 7b. In a word, these
binding modes exactly explain the anti-BTK activity data.
3. Conclusion

A class of diphenylpyrimidine derivatives bearing aamino acid functionality were
synthesized and biologically evaluated their biological activity against BTK kinase.
Notably, compound 7b, the most active inhibitor in this set of molecules, displayed
strong activity against BTK, with an I1Csy of 8.7 nM. The cell-based activity assay also
showed that 7b had a similar level of potency to inhibit the proliferation of B-cell
lymphoma cells. In addition, its effects on normal PBMC cells showed its low
cytotoxicity. Other biological evaluations, including the AO/EB staining assay,
Western blot analysis and flow cytometry analysis also suggested the high potency of
this compound to block the proliferation of B-cell lymphoma cells. Moreover, the
molecular simulation analysis revealed that 7b was in tight contact with the BTK
enzyme by forming additional strong hydrogen bonds. Overall, this study provided a
new insight to improve the activity ofamino acid-substituted diphenylpyrimidine

derivatives against the BTK enzyme.

4. Experimental section4.1. General methods for chemistry

All reagents and solvents were obtained from commercial sources and used without
further  purification. High resolution ESI-MS was performed on an
AB Sciex TripleTOF® 4600 LC/MS/MS system. 'H and *C NMR datas were

obtained on a Bruker Avance at 400 and 100 MHz, respectively. Coupling constants
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(J) are expressed in hertz (Hz). Chemical shifts () of NMR are reported in parts per
million (ppm) units relative to internal control (TMS). All reactions were monitored
by TLC, using silica gel plates with fluorescence F254 and UV light visualization.
Flash chromatography separations were obtained on Silica Gel (300-400 mesh) using

dichloromethane/methanol as eluents.
4.2. General procedure for the synthesis of 7a-d

Amino acid-substituted anilines 12a-d, and 2-chloropyrimidine 11were generally
synthesized according to the methods reported by us and others [24-26]. All these
intermediates were used without any purification and structural characterization. With
these intermediates in hand, the desired compounds were synthesized as described
below.

A flask was charged with compounds 11 (1.0 mmol), anilines 12a-d, (1.0 mmol),
TFA (342 mg. 3 mmol), and 2-BuOH (15 mL). The slurry was heated to 100 °C for
12 h. The reaction mixture was allowed to cool to room temperature and was
neutralized with a saturated aqueous sodium bicarbonate solution. The aqueous
mixture was then extracted with CH,Cl, (20 mL) three times. The crude product was
purified by using flash chromatography with dichloromethane/methanol (v/v, 12a:
15/1; 12c-d: 30/1) as eluents.

4.2.1. N-[3-[[5-Chloro-2-[4-[2-[(carbonylmethyl)amino]-2-oxoethoxy]phenylamino]-
4-pyrimidinyllamino]phenyl]-2-acrylamide (7a):

Yield, 12%:; off-white solid; *H NMR (400 MHz, DMSO-ds): *H NMR (400 MHz,
DMSO) 6 10.93(br, 1H), 10.15(s, 1H), 9.43(br, 1H), 8.45-8.48(m, 1H), 8.22(s, 1H),
7.67(s, 1H), 7.51-7.47(m, 2H), 7.32-7.22(m, 2H), 6.82(d, J =8.0 Hz, 2H), 6.77(dd, J
=16.8, 10.4 Hz, 1H), 6.23(dd, J = 16.8, 4.0 Hz, 1H), 5.72(dd, J =10.4, 4.0 Hz, 1H),
4.45(s, 2H), 3.83(s, 2H); *C NMR (100 MHz, DMSO) § 171.07, 168.41, 168.36,
168.00, 163.49, 156.72, 153.32, 139.59, 139.34, 138.24, 132.22, 128.68, 126.71,
121.68, 121.42 (2C), 114.95 (2C), 114.73, 114.35, 103.93, 67.19, 42.15; HRMS (ESI)
m/z calcd for C3H21CINgOs, [M+H]" 497.1335, found: 497.1414.
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4.2.2.  N-[3-[[5-Chloro-2-[4-[2-[2-(methoxycarbonyl)-1-pyrrolidinyl]-2-oxoethoxy]
phenylamino]-4-pyrimidinyl]Jamino]phenyl]-2-acrylamide (7b): Yield, 22%; off-white
solid; *"H NMR (400 MHz, DMSO-ds): §10.27(s, 1H), 9.21(s, 1H), 8.88(s, 1H),
8.10(s, 1H), 7.94(s, 1H), 7.51-7.49(m, 3H), 7.34-7.28(m, 2H), 6.71-6.69(d, J =8.4 Hz,
2H), 6.50(dd, J =16.8, 10.0 Hz, 1H), 6.26(dd, J =10.0, 2.0 Hz, 1H), 5.76-5.73(dd, J
=16.8, 2.0 Hz, 1H), 4.75-4.66(m, 1H), 4.65(s, 2H), 3.62-3.37(m, 2H), 3.37 (s, 3H),
1.94(m, 2H), 1.50(m, 2H); *C NMR (100 MHz, DMSO) ¢ 171.82, 166.70, 163.62,
158.24, 156.52, 155.19, 153.21, 139.60, 139.39, 134.41, 132.42, 129.00, 127.31,
120.89(2C), 115.58, 115.40, 114.67, 114.48(2C), 103.85, 72.62, 66.77, 59.36, 45.97,
28.64, 19.64; HRMS (ESI) m/z calcd for C,7H27CINgQs, [M+H]" 551.1804, found:
551.1886.

4.2.3.  (S)-N-[3-[[5-Chloro-2-[4-[2-[2-(methoxycarbonylethyl)amino]-2-oxoethoxy]
phenylamino]-4-pyrimidinyl]Jamino]phenyl]-2-acrylamide (7c): Yield, 18%; off-white
solid; *H NMR (400 MHz, DMSO-dg): 6 10.22(s, 1H), 9.22(s, 1H), 8.95(s, 1H),
8.49(s, 1H), 8.16(s, 1H), 7.93(s, 1H), 7.56-7.54(m, 3H), 7.37(d, J =8.0 Hz, 2H),
6.80(d, J =8.0 Hz, 2H), 6.48(dd, J =16.8, 12.0 Hz, 1H), 6.33(dd, J =16.8, 4.0 Hz, 1H),
6.02-5.79(dd, J =12.0,4.0 Hz, 1H), 4.46-4.42(m, 3H), 3.67(s, 3H), 1.38(d, J =8.0 Hz,
3H); *C NMR (100 MHz, DMSO) § 172.43, 168.26, 163.61, 158.22, 156.57, 155.22,
152.92, 139.56, 139.37, 134.73, 132.37, 129.00, 127.38, 120.84(2C), 119.56, 115.83,
115.53,.114.91(2C), 103.89, 72.82, 67.54, 48.11, 17.35; HRMS (ESI) m/z calcd for
C25H25CINgO3S, [M+H]" 525.1648, found: 525.1733.

4.2.4.  (S)-N-[3-[[5-Chloro-2-[4-[2-[(methoxycarbonylmethyl)amino]-2-oxoethoxy]
phenylamino]-4-pyrimidinylJamino]phenyl]-2-acrylamide (7d): Yield, 19%; off-white
solid; *H NMR (400 MHz, DMSO) & 10.26(s, 1H), 9.23(s, 1H), 8.91(s, 1H),
8.47-8.45(d, J =8.0 Hz, 1H), 8.12(s, 1H), 7.94(s, 1H), 7.53-7.51(m, 3H), 7.32(d, J =
8.0 Hz, 2H), 6.76(d, J =8.0 Hz, 2H), 6.52-6.46(dd, J =16.0, 12.0 Hz, 1H), 6.28-6.24(J
=16.0 Hz, 1H), 5.77-5.74(J =12.0 Hz, 1H), 4.42(s, 2H), 3.63(s, 3H), 3.37(s, 2H); **C
NMR (100 MHz, DMSO) ¢ 172.76, 167.81, 163.15, 157.70, 156.10, 154.67, 152.41,
139.09, 138.89, 134.23, 131.90, 128.54, 126.91, 120.39(2C), 119.06, 115.35, 115.02,
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114.46(2C), 103.40, 67.04, 51.96, 47.27; HRMS (ESI) m/z calcd for C,sH23CINgOs,
[M+H]" 511.1491, found: 511.1421.
4.3. Kinase enzymatic assays

Enzymatic assays were tested by using the ADP-Glo™ assay system (BTK:
Catalog. V2941, JAKS3: Catalog. V3701, Promega). The experiments were performed
according to the instructions of the manufacturer. The detailed and complete
protocols, and the active kinase data  were available at:
https://cn.promega.com/products/cell-signaling/kinase-assays-and-kinase-biology/btk-
kinase-enzyme-system/?catNum=Vv2941 and
https://cn.promega.com/products/cell-signaling/kinase-assays-and-kinase-biology/jak
3-kinase-enzyme-system/?catNum=V3701), respectively. For all of the tested
compounds, concentrations consisting of suitable levels from 0.1 to 1000 nM were
used. The test was performed in a 384-well plates, including the main steps below: (1)
perform a 5 pL kinase reaction using 1% kinase buffer (e.g., 1x reaction buffer A), (2)
incubate at room temperature for 60 minutes, (3) add 5 uL of ADP-Glo™ reagent to
stop the kinase reaction and deplete theunconsumed ATP, leaving only ADP and a
very low background of ATP, (4) incubate at room temperature for 40 minutes, (5)
add 10 pL of kinase detection, (6) reagent to convert ADP to ATP andintroduce
luciferase and_ luciferin to detect ATP, (7) incubate at room temperature for 30
minutes, (8) plates was measured on TriStar® LB942 Multimode Microplate Reader
(BERTHOLD) to detect the luminescence (Integration time 0.5-1 second). Curve

fitting and data presentations were performed using GraphPad Prism version 5.0.
4.4.Cell and reagents
4.4.1.Cellular activity assay

Ramos, Raji and NAMALWA cells were purchased from Fuheng Biology
Company (Shanghai, China). Cell viability assays were performed by using CCK-8
reagent (Biotool Company). The cells were seeded in 96-well plates at a density of
3,000 cells/well and were maintained at 37 °C in a 5% CO; incubator in RPMI-1640

containing 10% fetal bovine serum (FBS, Gibco) for 4 h. Cells were exposed to
14



treatment for 72 h, and the number of cells used per experiment for each cell lines was
adjusted to obtain an absorbance of 0.5 to 1.2 at 450 nm with a microplate reader
(Thermo Fisher, USA). Compounds were tested at appropriate concentrations (1.25 to
40 uM), with each concentration duplicated five times. The ICs, values were

calculated using GraphPad Prism version 5.0.
4.4.2.Cytotoxic activity assay

Peripheral venous blood was collected in an ACD anticoagulant (Vpicod: V anticoaguant
= 9:1) tube from the normal healthy adult male. The leucocyte-rich plasma was
removed and the peripheral blood mononuclear cells (PBMC) consisting of
monocytes and the lymphocytes were separated on Lymphoprep (density 1.077g/ml,
Nyegaard & Co. As., Oslo, Norway). The cells collected from the interface layer were
washed three times with PBS buffered salt solution and counted using
cell counting chamber.

PBMC cells were seeded in 24-well plates at a density of 200,000 to 250,000
cells/well. Cells were treated with inhibitors 7b and lbrutinib at appropriate
concentrations (1, 2, 5 uM), with each concentration duplicated five times. Aftering
maintaining the cells at 37 °C in a 5% CO, incubator in RPMI-1640 containing 10%
fetal bovine serum (FBS, Gibco) for 24 h, the morphology of the cells was
observed with a phase contrast microscope (Nikon, Japan), and the number of living
PBMC cells was calculated by traditional manual method with an ordinary
cell counting chamber.
4.5.Flow cytometry assay

The NAMALWA cells (1 x 10° cells/well) incubated in 6-well plates were treated
with solvent control (DMSO), ibrutinib, or compounds 7b in medium containing 5%
FBS for 72 h. Then, collected and fixed with 70% ethanol at 4 °C overnight. After
being fixed with 70% ethanol at 4 °C, the cells were stained with Annexin V-FITC (5
uL)/propidium iodide (5 pL), and analyzed by flow cytometry assay
(Becton-Dickinson, USA).

4.6.Western blotting assay
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The lysates from Namalwa cells in different groups were extracted and
centrifuged at 14,000 g for 15 min at 4 °C, then the total proteins were obtained. An
aliquot (50 pg protein) was loaded onto a 8%-12% SDS-PAGE gels and separated
electrophoretically. Then the target proteins were transferred to a PVDF membrane
(Millipore, USA). After blocking the PVDF membrane in 5% dried skim milk (Boster
Biological Technology, China) for 2 h at room temperature, the membrane was
incubated overnight at 4 °C with primary antibodies for 12 h. Protein detection was
performed based on an enhanced chemiluminescence (ECL) method and
photographed by using a BioSpectrum Gel Imaging System (HR410, UVP, USA). In
order to eliminate the variations, data were adjusted to B-Actin expression: 10D of

objective protein versus IOD of B-Actin expression.

4.7.Molecular docking study

Docking studies were carried out on AutoDock 4.2. The crystal structure (PDB:
3GEN) of the kinase domain of BTK bound to a pyrrolopyrimidine-containing
compound. The enzyme preparation and the hydrogen atoms adding was performed in
the prepared process. The whole BTK enzyme was defined as a receptor and the site
sphere was selected on the basis of the binding location of pyrrolopyrimidine inhibitor.
By moving the inhibitor and the irrelevant water, molecules 7a, b, 7d were placed,
respectively. The binding interaction energy was calculated to include van der Waals,
electrostatic, and torsional energy terms defined in the tripos force field. Ten docking
poses were generated and clustered, and compounds with predicted binding affinities
better than ) 7.0 kcal /mol in each of the three docking runs were selected for further
analysis and visual inspection. During the performance, the covalent bond between
the acrylamide group and the amino acid Cys481 was set as default when the distance
beween them lower than 2.82 A (spebrutinib could form covalent bond in this
distance). The structure optimization was performed using a genetic algorithm, and

only the best-scoring ligand protein complexes were kept for analyses.
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Highlights

>

>

New diphenylpyrimidine derivative as potent BTK inhibitors.

Compound 7b displayed similar activity against B-cell lymphoma cell lines as

ibrutinib.
Compound 7b exhibited low cytotoxic activity against normal PBMC cells.

Western blot analysis and flow cytometry analysis also showed its effectiveness

in interfering with B-cell lymphoma cell growth.
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