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Abstract

Traumatic brain injury (TBI) is a prevalent public healthcare concern frequently instigated
by mechanical shock, traffic or violence incidents, leading to permanent nerve damage and
there is no ideal treatment for it yet. In this study, a series of Rolipram-Tranilast hybrids
were designed and synthesized. The neuroprotective activities of the Rolipram-Tranilast
hybrids were evaluated both in vitro and in vivo. Compound 5 has been identified as the
strongest neuroprotective molecule among the series with robust anti-oxidant and anti-
inflammatory potentials. Compound 5 significantly increased the heme oxygenase-1 (HO-
1) levels and the phosphorylated cAMP response elements binding protein (p-CREB), while
it down-regulated phosphodiesterase-4 B (PDE4B) expression in vitro. Furthermore,
compound 5 remarkably attenuated TBI and had good safety profile in mice. Taken together,
our findings suggested that compound S could serve as a novel promising lead compound in
the treatment of TBI and other central nervous system (CNS) diseases associated with

PDE4B and oxidative stress.

Keywords: Rolipram; Tranilast; CREB; inflammation; oxidative stress; neuroprotection;

traumatic brain injury
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Graphical abstract

Compound 5, a Rolipram-Tranilast hybrid attenuated TBI by mutitargeted function in mice.
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Introduction

Traumatic brain injury (TBI) is a prevalent public healthcare concern frequently caused by
mechanical shock, traffic or violence incidents, leading to permanent nerve damage together
with a wide range of symptoms and sequelae.! More than 50 million people are suffering
from TBI annually worldwide.? TBI has become one of the foremost causes of death among
the under 40 year-age groups in the developed countries. The brain damage induced by TBI
can be separated into two phases, including primary and secondary effects. The mechanisms
underlying TBI are very complex and multiple factors are involved in such
neuropathological processes. Excitotoxicity, neuroinflammation, cytokine damage,

oxidative stress injury, and eventual cell death are prominent mechanisms of neuronal loss
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in the post TBL.3*> Currently, there is still no precise and ideal therapeutic strategy for the
prevention of pathogenesis and neurodegeneration following TBI. Many potential
candidates could not pass the clinical trials to date, and the “magic bullet” for effectively
treating TBI-induced damage does not exist.®” Given that the pathophysiological processes
of primary and secondary injury of TBI are complex, “one-target” drug could not offer ideal
therapeutic efficiency against TBI. Hence, multi-targeted drugs should be promising
candidates for the treatment of TBI.3® Moreover, it was found that in hippocampus,
phosphodiesterase (PDE) expression has been increased during TBI, and inhibition of PDE
might reverse the chronic cognitive deficits induced by TBI, suggesting that PDE should be

a promising drug target against TBI.!%!!

Rolipram, a pan-phosphodiesterase-4 (PDE4) inhibitor with significant neuroprotective
effect, has been initially developed as a potential antidepressant.'>!3 It can penetrate the
blood-brain barrier (BBB) and accumulate in the brain. In recent years, several studies have
demonstrated that Rolipram exhibited therapeutic benefits in the neurodegenerative diseases
(NDDs), such as TBI and Alzheimer’s Disease.!%!> In addition, Rolipram might also
significantly improve hippocampal long-term potentiation (LTP) and learning after TBI.!6
Indeed Rolipram has passed in phase II clinical trials for multiple sclerosis and phase I for
Huntington’s Disease.!”!® It should be highlighted that Rolipram has some intolerable
adverse effects, such as nausea and vomiting, which may blocked its way to be used
clinically.!> Several laboratories have tried to develop derivatives of Rolipram by modifying

the chemical structure.!9:20
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Tranilast (N-[3',4’-dimethoxycinnamoyl]-anthranilic acid), an analogue of a tryptophan
metabolite, is an anti-allergic agent which might be used in the treatment of inflammatory
diseases.?!* Recently, studies have showed that Tranilast is a potential drug to alleviate
life-threatening inflammatory response.”* Additionally, Tranilast could attenuate cerebral
ischemia-reperfusion injury by regulating the inflammatory cytokine production and PPAR
expression.?! These results suggest that Tranilast might be a good anti-inflammatory drug
for many diseases, including NNDs. Although the detail mechanisms are not fully revealed,
several studies reported that Tranilast could increase heme oxygenase-1 and exert potent
anti-inflammatory effects.?>?¢ Moreover, Tranilast was also found to decrease the
production of reactive oxygen species (ROS).2” These characters of Tranilast might be to
the benefit of TBI. Unfortunately, Tranilast couldn’t be used for the treatment of TBI,
because of poor ability to penetrate the blood-brain barrier (BBB). It has been reported that
the ratio of concentrations in plasma to brain is over 100 after an oral administration of

Tranilast (10.5 mg kg™') in rats.?®

Given that TBI is a complex pathological disease, multitarget compounds should be a
powerful tool for the treatment of TBI.32° We hypothesized that combinational effects of
Rolipram and Tranilast should contribute to combating TBI. Here a series of Rolipram-
Tranilast hybrids have been designed and synthesized by combining the 3-(cyclopentyloxy)-
4-methoxybenzene moiety of Rolipram with the N-phenylcinnamamide nucleus of Tranilast
(Figure 1 and Scheme 1). After evaluation, compound 5 was demonstrated to be the
multifunctional lead compound for the treatment of TBI or other NNDs associated with

PDE4B and oxidative stress.
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Figure 1. Design of novel Rolipram-Tranilast hybrids.

Results and Discussion.

Chemistry

General synthetic procedure for compounds 3-26 is depicted in Scheme 1. The appropriate
acrylic acid (1a or 1b) was treated with concentrated sulfuric acid in anhydrous ethanol at
reflux to yield the ethyl ester 2a or 2b, which was then reacted with bromocyclopentane to
yield product 3a or 3b. Next, the hydrolysis of 3a, b in 20% sodium hydroxide and
tetrahydrofuran afforded the final intermediate 3-(4-(cyclopentyloxy)-3-methoxyphenyl)
acrylic acid (4a) or 3-(3-(cyclopentyloxy)-4-methoxyphenyl) acrylic acid (4b).
Subsequently, analogues 3-26 were easily accessible by condensation reaction of carboxylic
acid with different substituted amines using HBTA and EDCI as condensing agents in

anhydrous dichloromethane at room temperature.
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8 1bR"=H, R?=CH, 2bR'=H, R%=CH, 3b R = Cyclopentyl, R?= CHj
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13 4a R" = CHj, R? = Cyclopentyl 3-14, 1526

14 4b R" = Cyclopentyl, R = CHg

15

16 1= 2 — 2 -

17 for 3-14: R' = CH3, R* = Cyclopentyl for 15-25: R' = Cyclopentyl, R“= CHj3
R®=2-OHPh, 3-CF3Ph, 4-N(CH3),Ph, Ph, 4-CF3Ph, 4-NH,Ph, 2-NH,Ph, 2-NH,,

18

19 wron, =N OO, T O

22 Reagents and conditions: (1) H,SO, conc., ethanol, reflux; (2) Bromocyclopentane, K,CO3, DMF,65°C; (3) 20%
NaOH, THF, reflux; (4) RNH,,EDCI, HOBt ,DCM, rt.

25 Scheme 1. Synthesis of the target compounds 3-26.
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Table 1. Neuroprotective and cytotoxic effects of compounds in HT22 cells.

R3

R1°]©/v‘\ Cytotoxicity Glutamate (3 mM) Acrolein (20 uM)
Compd. a

R! R? R3 100 uM 3 uM 10 uM 3 uM 10 uM
3 CH; CsHy 2-OHPh 54.1+2.3 247+ 0.8 460+ 1.8 455+05 493=+1.2
4 CH; CsHy 3-CF;Ph 33.1+1.3 24.8+0.9 423+0.6 420+12 524+0.7
5 CH; CsHy 4-N(CHs;),Ph 103.4+£1.3 75.8+1.3 100512 728+12 964+14
6 CH; CsHy Ph 69.7+2.5 24.6+04 56.5+1.5 394=+£11 526+0.5
7 CH; CsHy 4-CF;Ph 472+ 1.8 28.0+0.7 547+0.6 37.7+0.7 43.0+0.6
8 CH; CsHy 4-NH,Ph 83.5£2.6 502+14 81.3+£1.5 403+£0.6 79.2+0.6
9 CH; CsHy 2-NH,Ph 43.1+1.3 27.7+0.8 571+15 389+09 627+1.2
10 CH; CsHy 2-NH,,4-FPh 64.8+1.9 24.0+0.5 443+14 37.1+05 609=+1.0
11 CH; CsHy =N 237+ 1.8 23.9+£0.9 51.7+0.7 348+0.7 43.6+£0.7
12 CH; CsHy OO, 203+1.8  250+08  52.7+07 360+£12 49.1+14
13 CH; CsHy :@f 84.4+0.9 259+ 1.7 46.5+1.5 38.0+1.0 43.8+04
14 CH; CsHy —(O-N_N- 58.0+1.0 52.2+0.7 654+13 427+06 63.1+£0.5
15 CsHy CH; 2-OHPh 349+ 1.0 27.1+1.1 66.1+1.7 40.6+0.6 56.8+0.6
16 CsHy CH; 3-CF;Ph 326+ 1.0 25.8+0.9 448+1.5 370+06 61612
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17 CsHy CH; 4-N(CHj),Ph 81.6+1.3 60.2+1.6 81.0+£09 519+0.6 72.8+0.6

18 CsHy CH; Ph 80.7+ 0.8 26.4+0.5 463+19 374+£05 455+05

oNOYTULT D WN =

19 CsH, CH; 4-CF;Ph 700+15  278+09  563+10 36.0+04 502+1.1
10 20 CsH, CH; 4-NH,Ph 53.6+2.0  544+06  73.6+13 561+0.7 73.2+1.0
12 21 CsHo CH; 2-NH,Ph 663+13  275+07 441+1.1 365+04 63.4+0.7
14 22 CsHo CH; 2-NH,,4-FPh 64.6+19  268+0.7 672+0.8 36.8+0.5 74.0+0.4
23 CsH, CH; =N 21723  293+12  61.6+0.7 367+04 509+1.0
17 24 CsH, CH,; OO, 392+1.1  305+13 518409 36104 464+0.3
19 25 CsHy CH; :@f 67.9+2.0 29.5+0.8 420+0.8 399+0.6 447+0.6

21 26 CsH, CH; (N N- 59.0+£17  433+06 69.7+1.0 404+10 524+07

23 Rolipram 87.1+1.2 398+ 1.8 854+1.8 546+1.1 784+09

26 Note: The table showed that the cytotoxicity of the compounds at 100 uM and neuroprotective effects against glutamate- and acrolein-induced
29 neuronal injury at 3 and 10 xM in HT22 cells. The cell viability was expressed as the percentage of control group. The data were expressed as the

31 mean + SD, n = 6.
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Compound 5 prevented the cell death against glutamate- or acrolein-induced damage

in HT22 cells.

We speculated that the Rolipram-Tranilast hybrids might provide neuroprotection effects.
HT22 cells, a mouse hippocampal cell line, were used to evaluate sequential oxidative stress
and cell death cascade triggered by glutamate- or acrolein- induced cell injury. The activities
of these compounds against cell injuries were shown in Table 1. On the basis of the results,
compound 5 was selected as for further study. Using phase contrast microscopy, we found
that compound 5 reversed cell death induced by glutamate or acrolein (Figure 2A) and no
cytotoxicity was observed under 100 M in HT22 cells. In addition, compound 5

significantly reduced the glutamate- or acrolein-induced cytotoxicity (Figure 2B, C).

Rolipram is a specific inhibitor of PDE4.13 It was reported to benefit to NDDs, including
brain trauma.?® The nuclear factor-related factor 2 (Nrf2) pathway is the key regulatory hub
of endogenous antioxidant system.'® Under oxidative stress, Nrf2 is activated and initiates
downstream gene transcription, and up-regulates the expression of endogenous antioxidant
enzymes, such as heme oxygenase (HO), so as to improve the antioxidant capacity of cells.3!-
33 HO-1, one of the major targeted genes of Nrf2, has potent antioxidant and anti-
inflammatory effects and is found to have important roles in NDDs or ischemic and hypoxic
coronary artery disease.33* The neuroprotection of compound 5 was better than that of
Rolipram (Figure 2C). Further study showed that compound 5 significantly upregulated the

level of HO-1(Figure 2D).
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31 Figure 2. Compound 5 prevented glutamate and acrolein-induced HT22 cell death and
34 upregulated the protein expression of HO-1. (A) Investigation of protection of compound 5 on
HT?22 cells exposed to 3 mM glutamate and 25 4M acrolein for 24 h using phase-contrast images.
39 (B) Compound 5 didn’t release LDH until 300 M. Cell viability was tested by LDH assay. It
released LDH on HT22 cells in a concentration-dependent manner. (C) Compound S possessed the
44 best neuroprotective activity on glutamate and acrolein induced death on HT22 cell line. The cells
47 were treated with 3, 10 uM of compound 5 for 30 mins before adding the toxic drugs glutamate (3
49 mM) and acrolein (20 uM). Cell viability was tested by MTT assay. (D) Compound 5 (10 4M)
52 increased the evaluation of HO-lamong the candidate compounds by western blot. The cells were
incubated with compound 5 for 24 hours. Glu, Rol, Acr are short for glutamate, Rolipram and
57 acrolein respectively. All data were represented as mean = SEM from three independent experiments;

60 **P<0.01, ***P<0.001 versus control.
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Compound S increased the levels of p-CREB and BDNF in HT22 cells.

Biological effects such as regeneration and differentiation are also necessary for the survival
and normal physiological functions of mature central and peripheral nervous system
neurons.>-% Previous studies have indicated that brain-derived neurotrophic factor (BDNF)
plays an important role in the survival, differentiation, growth and development of
neurons.?%37 In addition, cyclic AMP response protein element binding protein (CREB) is
an intranuclear transcription factor and phosphorylated CREB is associated with cell death
from hypoxia tolerance. Studies showed that cerebral ischemic injury and TBI inhibited p-
CREB.?® So, the effects of compound 5 on BDNF and CREB signaling were investigated.
Compound 5 significantly increased the protein levels of p-CREB and BDNF (Figure 3A,
B) in HT22 cells. The results were further confirmed by the immunocytostaining in HT22

cells (Figure 3C).

A B

Rol Compound §
CT 10 1 3 10 30(uM)

BDNF L’ - - ‘K“
p-CREB "...i‘

GAPDH | (S S W S S

Cpd.S-3uM  Cpd.5-10 uM

Relative BDNF/p-CREB Protein Levels

CT  Rol 1 310 30 (M)

compound 5

Figure 3. Compound 5 up-regulated the expression of p-CREB and BDNF in HT22 cells. (A)
Compound 5 increased the protein levels of BDNF and p-CREB by western blot. HT22 cells were
incubated with Rolipram (10 M) and compound 5 (1-30 M) for 24 h. (B) Quantitative analysis of
BDNF and p-CREB protein levels. (C) Compound 5 increased the expression of p-CREB by

immunofluorescence. HT22 cells were subjected to compound 5 (3-10 xM) for 24 h. Cells were dyed
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for the expression of p-CREB (green). Nuclei was counterstained with DAPI (blue). Scale bar = 40
um. One-way ANOVA with Tukey post-hoc comparisons were performed in statistical analyses.
All data were represented as mean = SEM from three independent experiments. Error bars represent

the SEM. Comparisons to control indicated by *P < 0.05 versus control.

Compound 5 reduced the expression levels of PDE4B protein in HT22 cells.

PDEA4B, one of PDE4 subtypes widely distributes in the brain and has been reported to be
involved in the regulation of anti-inflammatory.?® Drugs which could reduce PDE4B
expression and stimulate the CREB pathway may enhance anti-inflammatory activities.*’
Moreover, modulate PDE4 will also increase BDNF expression.*! We speculated that
compound 5 may have similar function with Rolipram to inhibit PDE4. Firstly, the potential
binding activity of compound 5 with PDE4 was predicted by using molecular docking. We
found that compound 5 and Rolipram shared similar binding conformations and interactions
with PDE4D activity pocket (Data were shown in supplementary information). Then, we
tested the hybrids on the enzyme activities of PDE4B and PDE4D7. Unexpectedly,
compound 5 had little effects on the activities of PDE4B2 and PDE4D7 (Data were shown
in Supplementary information). Furtherly the protein level of PDE4B was detected. We
found that compound 5 could decrease the protein level of PDE4B (Figure 4A, B). These
results suggested that compound 5 could modulate PDE/CREB pathway by directly
decreasing PDE4B protein rather than inhibiting its enzyme activity. It has been reported
that Michael- addition- reaction- based protein degradation system can be used as a strategy

to design novel drugs to modulate signaling pathway.4>* Compound 5 contained a benzoic
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acid moiety, suggesting that it might degrade PDE4B mostly likely due to the Michael-
addition- reaction- based protein degradation system. It is different from the compounds
designed by PROTAC (PROteolysis Targeting Chimeras), another hot protein degradation
system.*4* To confirm the speculation, of course, further studies should be conducted.

A B

Comp. 5
MM Rorto 1 3 10

-

PDE4B | S @B s s =

Relative PDE4B Protein level

GAPDH | s W e .

Figure 4. Compound 5 downregulated the levels of PDE4B protein in HT22 cells. (A).
Compound 5 reduced PDE4B protein levels by western blot. HT22 cells were treated with Rolipram
(10 uM) or different concentrations (1-30 uM) of compound 5 for 24 h. (B) Quantitative analysis of
BDNF and p-CREB protein levels. All data were represented as mean = SEM from three independent

experiments.

Compound 5 attenuated lipopolysaccharide (LPS)-induced inflammation in BV2 cells.

Neuroinflammation has been closely involved in diversity of CNS diseases, including NDDs
and TBIL.# Microglia, resident macrophages in the brain, plays a pivotal role in the
occurrence and development of neuroinflammation. Both acute and chronic
neuroinflammation might damage the neurons. Many proinflammatory cytokines would be
released by activated microglia, such as nitric oxide (NO), tumor necrosis factor (TNF-a)
and interleukin 14 (IL-1p), while the pathway of the NF-xB signaling was activated and

accompanied with neuroinflammation.*’*® We explored the potential anti-inflammatory
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activity of compound 5 and it reduced the elevated NO in a dose-dependent manner in BV2
cells (Figure 5A). In addition, compound 5 (10 4M) notably decreased the nuclear protein
level of NF-«B and also inhibited the nuclear translocation of NF-xB, indicating that
compound 5 may inhibit LPS-induced neuroinflammation through modulating the NF-«xB

pathway (Figure 5B, C).

A B
Cpd.5

150 . LPS(1pg/ml)
s DAP| CcT 0 1 3 10 (uM)
=
= nuclear —
§ 100- NF-KB (p65) R —
o
;‘: r:gEK)B Lamin B N — — — —
S
E 50+ cytoplasm
& NFKE (pe5) | -
=

0= - ] 3 T GAPDH —— N ——

LPS(1pg/mi)

Figure 5. Compound 5 attenuated the LPS-induced inflammation in BV2 cells. (A). Compound
5 treatment reduced NO released in LPS-stimulated BV2 cells. BV2 cells were treated with 1 yg/mL
of LPS alone, or with LPS plus different concentrations (1-10 uM) of compound 5 for 24 h. NO in
the supernatants was determined using Griess reagent. (B) Compound 5 inhibited the nuclear
translocation of NF-«xB. The nuclear translocation of NF-«B was observed after incubated with LPS
for 2 h and plus compound 5 of 10 uM by immunofluorescence. (C) Compound 5 reduced nuclear
NF-xB p65 protein levels in LPS-stimulated BV2 cells by western blot. BV2 cells were treated with
1 ug/mL of LPS alone, or with LPS plus different concentrations (1-10 uM) of compound 5 for 2 h.
All data were represented as mean = SEM from three independent experiments; ***P<(0.001 versus

control.

Physicochemical properties and prediction of ADMET properties

In silico assessment of physicochemical properties and ADME predictions of the best active
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compound was carried out using ACD/Percepta v14.1.0 and SwissADME.*>3° For the most
promising novel Rolipram-Tranilast hybrids, a series of ADMET properties (absorption,
distribution, metabolism, excretion and toxicological properties) were calculated. In detail,
we took into account the logarithmic ratio of the octanol-water partitioning coefficient
(clogP), molecular weight (MW), rotatable bonds, H-bond acceptors, H-bond donors
(Lipinski's Rule of Five),’! Caco2 (derived from human colon adenocarcinoma cells)
permeability, CNS penetration scores.’>>* As shown in Table 2-1, compound 5 was
predicted to reach the CNS, being characterized by adequate lipophilicity values and

followed the Lipinski's rules.

Table 2-1. Physicochemical properties of compound 5

Caco2 CNS
Rotatable H-bond H-bond
Compd. LogP M.W. permeability  penetration
bonds acceptors donors
(Pe) (Score)
5 4.26 380.48 8 3 1 230E-6 -2.69

Note: M.W.: molecular weight; LogP: logarithm of the octanol-water partition coefficient;

Absorption refers to the process by which the drug can go to the systemic circulation through
the organs of the body. Several routes for absorption such as oral absorption and
permeability through certain cells such as Caco2 were measured. By inspecting results
recorded in Table 2-2, it was found that compound 5 showed good intestinal absorption. The
second property is the distribution, through which the transformation of the molecules from
one tissue or organ to another can be predicted. BBB penetration was the distribution

parameters used in this study, permitting the diffusion of hydrophobic and small molecules
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to the brain. Results showed that compound 5 had the ability of BBB penetration. About

absorption and BBB penetration of compound 5, the predictions of the two software were

oNOYTULT D WN =

9 consistent. It was calculated that compound 5 was able to inhibit drug metabolizing enzymes
12 cytochrome P450 isoforms, such as CYP2C19, CYP2C9, CYP2D6 but not CYP1A2.
14 Moreover, glycoprotein (P-gp) substrate was measured to predict excretion property.
17 Compound 5 had no inhibitory effect on P-gp. In addition, preliminary data concerning
toxicity profiles of compound 5 were predicted, in terms of calculating the median lethal
22 dose (LDsg) by oral administration. Prediction of toxicological behavior indicated that
25 compound 5 was low toxicity with LDs, at 300-5000 mg/Kg. From the predicted ADMET
27 properties of the novel synthesized compound 5, it was justified that it may have good

30 characters as a lead compound.

33 Table 2-2. ADMET prediction of compound 5

36 GI BBB Pgp CYP1A2 CYP2C19 CYP2C9 CYP2D6 LDs= LDs 2

37 Compd.

absorption  permeant substrate inhibitor inhibitor inhibitor inhibitor
(mg/Kg)

40 5 High Yes No No Yes Yes Yes 5000 300

44 Pharmacology Evaluation In vivo

48 Compound 5 reduced the bleeding area and repaired the damaged BBB in a mouse

model of TBI.

TBI can be caused by head hitting, skull penetration, fast acceleration or deceleration, or
57 blasting exposure. These injuries would cause the physical, emotional, and psychosocial

changes, affecting the patients’ daily activities and lifespan.’*3° Reducing neuronal death
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has been considered as a fundamental therapy for TBI. It has been reported that chronic
cognitive dysfunction after TBI could be improved by PDE inhibitors.’*37 The anti-TBI
effects of compound 5 were investigated in an established animal model of TBI by air pistol
as reported before (Figure 6A, B).>® We found that compound 5 significantly decreased the
hemorrhagic area in a dosage-dependent manner in TBI mice (Figure 6C, D). BBB
disruption has been recognized as important pathological processes in early stage of TBI.
BBB permeability was evaluated by EB extravasation using spectrophotometry as
previously described.’*%® Compound 5 effectively attenuated the EB leakage induced by
TBI (Figure 6E). Moreover, matrix metalloproteinases (MMPs) are a series of proteinases
which can reflect the function of BBB, especially MMP2 and MMP9.%! Compound 5 could
reduce the protein levels of MMP2 and MMP9 after TBI(Figure 6G, F). These data

demonstrated that compound 5 attenuated the BBB disruption after TBI.
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Figure 6. Compound 5 showed anti-ischemic activity and neuroprotection of BBB in TBI mice.
Compound 5 was administered by gavage in two divided doses, and was administered at 0
h and 6 h after awaking. (A) The time line and sketch map of the establishment of animal model
of TBI. (B, C) General strike position was showed in the anatomy map. (D) Compound 5 decreased
the ischemic area of TBI through dissection visually. (E) Compound 5 could protect the broken brain
blood barrier of TBI by Evans blue tests. (F) Compound 5 reduced MMP2 and MMP9 protein levels
in TBI animal models by western blot. (G) Quantitative analysis of (F). All data were represented as

mean = SEM from three independent experiments; *P<0.05, **P<0.01, ***P<(0.001 versus control.

5. Conclusion

In this study, we designed and synthesized a series of novel Rolipram-Tranilast hybrids
bearing cyclopentane moiety and evaluated neuroprotective activity in vitro and in vivo.
Among these chemicals, compound 5 protected against the glutamate- and acrolein-induced
cell death in HT22 cells and increased the expression of BDNF and p-CREB. Furthermore,
compound 5 suppressed the neuroinflammation by reducing LPS-induced NO release and
inhibits nuclear translocation of NF-xB. Finally, compound 5 significantly reduced the
bleeding area and repaired the damaged BBB in a mouse model of TBI. Taken together, our
findings demonstrated that compound 5 might be a novel multifunctional neuroprotective

agent for the treatment of TBI or other NNDs.

Experimental section
1. Chemistry

Unless otherwise stated, all the reagents and solvents were purchased from commercial
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sources and were used without further purification. Thin-layer chromatography (TLC) was
used to monitor the reactions by E. Merck silica-gel 60 F254 precoated plates (GF;s4). Flash
chromatography was performed with silica gel (200-300 mesh) purchased from Qingdao
Haiyang Chemical Co. Ltd. The 'H and '3C nuclear magnetic resonance (NMR) spectra were
recorded on a Bruker Avance spectrometer 400 at 400 and 100 MHz, respectively. Chemical
shifts are given in ppm (0) referenced to CDCIl; with 7.26 for 'H and 77.16 for 13C, and to
DMSO- ds with 2.50 for '"H and 39.52 for 13C. In the case of multiplet, the signals are
reported as intervals. Signals are abbreviated as follows: s, singlet; d, doublet; t, triplet; g,
quartet; m, multiplet and dd, doublet of doublets. Coupling constants are expressed in hertz.
High-resolution mass spectrometric data (HRMS) were collected on a Shimadzu LCMS-IT-

TOF mass spectrometer.

1.1 Synthesis of ethyl (E)-3-(4-hydroxy-3-methoxyphenyl) acrylate (2a)

To a solution of 4-hydroxy-3-methoxycinnamic acid (1a) (10.00 g, 52 mmol) in anhydrous
ethanol (100 mL), concentrated sulfuric acid (0.5 mL) was added. The reaction mixture was
refluxed overnight. The reaction was monitored by TLC, after finishing, the solvent was
removed in vacuo, the residue was dissolved in ethyl acetate (300 mL), washed with
saturated aq. NaHCOj; followed with brine, dried with anhydrous Na,SO,, concentration
afforded 2a as a white solid (10.53 g, yield 92 %). 'H NMR (400 MHz, Chloroform-d) ¢
7.61 (d,J =15.9 Hz, 1H), 7.12 — 7.00 (m, 2H), 6.92 (d, J = 8.2 Hz, 1H), 6.29 (d, J = 15.9

Hz, 1H), 5.92 (s, 1H), 4.26 (q, J = 7.1 Hz, 2H), 3.92 (s, 3H), 1.33 (t, J = 7.1 Hz, 3H).

1.2 Synthesis of ethyl (E)-3-(3-hydroxy-4-methoxyphenyl) acrylate (2b)
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The procedure was similar to the preparation of 2a, 2b as a white solid (10.85 g, yield 95 %).
"H NMR (400 MHz, CDCl;) & 7.56 (d, J=15.9 Hz, 1H), 7.10 (d, J= 2.1 Hz, 1H), 6.98 (dd,
J=28.3,2.1 Hz, 1H), 6.80 (d, /= 8.3 Hz, 1H), 6.25 (d, J = 15.9 Hz, 1H), 5.86 (s, 1H), 4.22
(g, J=7.1 Hz, 2H), 3.87 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H). 3C NMR (100MHz, CDCl;) &

167.54, 148.73, 146.03, 144.64, 128.20,121.92,116.37,113.23,110.72, 60.55, 56.12, 14.48.

1.3 Synthesis of ethyl (E)-3-(4-(cyclopentyloxy)-3-methoxyphenyl) acrylate (3a)

To a solution of 2a (10.00 g, 45 mmol) in DMF (60 mL), K,CO;(9.33 g, 68 mmol) and KI
(224 mg, 1.35 mmol) were added. After stirring at 80 °C for 2 h, bromocyclopentane (6.3
mL, 59 mmol) was added dropwise at 65 °C. Then the reaction mixture was stirred at 65 °C
for 24 h. After completion of the reaction, as indicated by TLC, the solvent was removed in
vacuo. The residue was dissolved in water (200 mL) and then extracted with ethyl acetate
200 mL three times. The combined organic phase was washed with brine, dried with
anhydrous Na,SOy,, concentrated, and purified by column chromatography over silica gel
(20:1, petroleum ether/ ethyl acetate) to give 3a as a white solid (8.75 g, yield 67 %). 'H
NMR (400 MHz, Chloroform-d) ¢ 7.62 (d, J = 15.9 Hz, 1H), 7.09 — 7.03 (m, 2H), 6.85 (d,
J=8.2Hz 1H), 6.29 (d, J = 15.9 Hz, 1H), 4.80 (tt, J = 6.4, 3.2 Hz, 1H), 4.25 (q, J = 7.1
Hz, 2H), 3.87 (s, 3H), 2.03 — 1.77 (m, 6H), 1.62 (dq, J = 12.3, 6.8, 5.9 Hz, 2H), 1.33 (t,J =

7.1 Hz, 3H).

1.4 Synthesis of ethyl (E)-3-(3-(cyclopentyloxy)-4-methoxyphenyl) acrylate (3b)

The procedure was similar to the preparation of 3a, 3b as a white solid (9.01 g, yield 65 %).

'H NMR (400 MHz, Chloroform-d) 6 7.62 (d, J = 15.9 Hz, 1H), 7.10 — 7.04 (m, 2H), 6.85
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(d, J = 8.1 Hz, 1H), 6.28 (d, J = 15.9 Hz, 1H), 4.79 (tt, J = 6.5, 3.1 Hz, 1H), 4.26 (q, J =
7.1 Hz, 2H), 3.87 (s, 3H), 2.01 — 1.80 (m, 6H), 1.63 (dq, J = 12.5, 4.0 Hz, 2H), 1.33 (t, J =

7.1 Hz, 3H).

1.5 Synthesis of (E)-3-(4-(cyclopentyloxy)-3-methoxyphenyl) acrylic acid (4a)

To a solution of 3a (8.00 g, 28 mmol) in THF (80 mL), 2N aq. NaOH (200 mL) was added.
The reaction mixture was stirred at 80 °C overnight. After completion of the reaction, as
indicated by TLC, the THF was removed by rotary evaporation. The pH of the remaining
liquid was adjusted to 2 by concentrated hydrochloric acid. Then the product was extracted
with ethyl acetate (50 mL x 3). The combined organic phase was washed with brine, dried
with anhydrous Na,SO,, filtered, and evaporated under reduced pressure to give 4a as a
white solid (6,000 mg, 83 %). 'H NMR (400 MHz, Chloroform-d) ¢ 7.73 (d, J = 15.9 Hz,
1H), 7.15—7.05 (m, 2H), 6.87 (d, J = 8.3 Hz, 1H), 6.30 (d, J = 15.9 Hz, 1H), 4.80 (dq, J =

6.4, 3.1 Hz, 1H), 3.88 (s, 3H), 2.01 — 1.81 (m, 6H), 1.64 (tq, J = 12.5, 7.3, 5.2 Hz, 2H).

1.6 Synthesis of (E)-3-(3-(cyclopentyloxy)-4-methoxyphenyl) acrylic acid (4b)

To a solution of 3b (9.01 g, 31 mmol) in THF (90 mL), 2N aq. NaOH (230 mL) was added.
The reaction mixture was stirred at 80 °C overnight. After completion of the reaction, as
indicated by TLC, the THF was removed by rotary evaporation. The pH of the remaining
liquid was adjusted to 2 by concentrated hydrochloric acid. Then the product was extracted
with ethyl acetate (50 mL x 3). The combined organic phase was washed with brine, dried

with anhydrous Na,SO,, filtered, and evaporated under reduced pressure to give 4b as a

white solid (7.27 g, yield 89 %). '"H NMR (400 MHz, Chloroform-d) 6 7.73 (d, J = 15.9 Hz,
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1H), 7.15 — 7.05 (m, 2H), 6.87 (d, J = 8.3 Hz, 1H), 6.30 (d, J = 15.9 Hz, 1H), 4.80 (dq, J =

6.4, 3.1 Hz, 1H), 3.88 (s, 3H), 2.01 — 1.81 (m, 6H), 1.64 (tq, J = 12.5, 7.3, 5.2 Hz, 2H).

2 Synthesis procedure for compounds 3-26

(E)-3-(4-(cyclopentyloxy)-3-methoxyphenyl)-N-(2-hydroxyphenyl)acrylamide (3)

To a solution of 4a (120 mg, 0.46 mmol), 2-aminophenol (100 mg, 0.92 mmol), HOBT (93
mg, 0.69 mmol) and EDCI (132 mg, 0.69 mmol) in anhydrous DCM (5 mL), Et;N (191 uL,
1.38 mmol) was added. The reaction mixture was stirred at RT overnight. After completion
of the reaction, as indicated by TLC, DCM (10 mL) was added. Then the reaction mixture
was washed with saturated aq. NaHCO; (15 mL X 2) and brine, dried with anhydrous
Na,S0,, filtered, evaporated under reduced pressure, and purified by column
chromatography over silica gel (1:2, petroleum ether/ DCM, v/v) to give 3 as a yellow solid
(54 mg, 33 %). '"H NMR (400 MHz, Chloroform-d) 6 9.42 (s, 1H), 7.77 — 7.68 (m, 2H), 7.18
—6.99 (m, 5H), 6.90 — 6.80 (m, 2H), 6.48 (d, J = 15.3 Hz, 1H), 4.81 (tt, J = 6.4, 3.2 Hz,
1H), 3.86 (s, 3H), 2.02 — 1.76 (m, 6H), 1.63 (qd, J = 5.2, 2.2 Hz, 2H). '3*C NMR (100 MHz,
Chloroform-d) ¢ 166.01, 150.20, 149.95, 149.08, 144.28, 127.28, 126.73, 125.82, 122.69,
122.21, 120.38, 120.03, 116.08, 114.03, 110.70, 80.52, 56.07, 32.88, 24.15. HRMS (ESI)

m/z calcd for C H)sNOy4 [M+H]*: 354.1627; Found: 354.1639.

(E)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-N-(2-hydroxyphenyl)acrylamide (15)

To a solution of 4b (223 mg, 0.85 mmol), 2-aminophenol (185 mg, 1.70 mmol), HOBT (170

mg, 1.26 mmol) and EDCI (244 mg, 1.26 mmol) in anhydrous DCM (8 mL), Et;N (353 L,
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2.55 mmol) was added. The reaction mixture was stirred at RT overnight. After completion
of the reaction, as indicated by TLC, DCM (10 mL) was added. Then the reaction mixture
was washed with saturated aq. NaHCO; (15 mL X 2) and brine, dried with anhydrous
Na,S0,, filtered, evaporated under reduced pressure, and purified by column
chromatography over silica gel (3:4, petroleum ether/ DCM, v/v) to give 15 as a yellow solid
(100 mg, 33 %). [15]'"H-NMR (400 MHz, Chloroform-d) ¢ 9.56 (s, 1H), 8.09 (s, 1H), 7.73
(d, J =15.4 Hz, 1H), 7.19 — 7.01 (m, 5H), 6.92 — 6.79 (m, 2H), 6.53 (d, J = 15.4 Hz, 1H),
479 (tt, J = 6.2, 3.3 Hz, 1H), 3.88 (s, 3H), 2.00 — 1.80 (m, 6H), 1.69 — 1.54 (m, 2H). '3C
NMR (100 MHz, Chloroform-d) 6 166.05, 152.18, 148.89, 147.74, 144.10, 127.14, 127.11,
125.93,122.29, 122.24,120.41, 119.75, 116.42, 113.82, 111.69, 80.68, 55.99, 32.81, 24.08.

HRMS (ESI) m/z caled for C;;Hp;3NO,4 [M+H]*: 354.1627; Found: 354.1634.

(E)-3-(4-(cyclopentyloxy)-3-methoxyphenyl)-N-(3-(trifluoromethyl) phenyl) acrylamide (4)

Yellow solid (yield:44 %). '"H NMR (400 MHz, Chloroform-d) ¢ 8.00 (s, 1H), 7.93 (s, 1H),
7.87 (d, J = 8.2 Hz, 1H), 7.70 (d, J = 15.4 Hz, 1H), 7.43 (t, J = 8.0 Hz, 1H), 7.35 (d, J =
7.8 Hz, 1H), 7.04 (d, J = 8.3 Hz, 1H), 7.00 (s, 1H), 6.82 (d, J = 8.3 Hz, 1H), 6.45 (d, J =
15.4 Hz, 1H), 4.79 (tt, J = 6.1, 2.8 Hz, 1H), 3.80 (s, 3H), 1.97 — 1.79 (m, 6H), 1.65 — 1.57
(m, 2H). 3C NMR (100MHz, Chloroform-d) ¢ 164.73, 149.89, 143.08, 138.85, 131.53,
131.21, 129.57, 127.01, 125.22, 122.90, 122.32, 117.81, 116.55, 114.05, 110.67, 80.51,
55.96, 32.86, 24.13. HRMS (ESI) m/z calcd for Cp,H,,FsNO; [M+H]*: 406.1552; Found:

406.1537.

(E)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-N-(3-(trifluoromethyl) phenyl) acrylamide (16)
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Yellow solid (yield: 52 %). 'H NMR (400 MHz, Chloroform-d) ¢ 8.01 (s, 1H), 7.92 (s, 1H),
7.88 (d, J = 8.2 Hz, 1H), 7.70 (d, J = 15.5 Hz, 1H), 7.43 (t, J = 7.9 Hz, 1H), 7.35 (d, J =
7.8 Hz, 1H), 7.05 (d, J = 7.4 Hz, 2H), 6.85 — 6.79 (m, 1H), 6.45 (d, J = 15.4 Hz, 1H), 4.76
(tt, J = 5.8, 3.5 Hz, 1H), 3.85 (s, 3H), 1.94 — 1.86 (m, 4H), 1.85 — 1.78 (m, 2H), 1.59 (m,
2H). 3C NMR (100 MHz, Chloroform-d) ¢ 163.69, 151.03, 146.66, 142.08, 137.80, 130.49,
130.16, 128.54, 126.26, 124.19, 121.88, 121.14, 119.66, 116.87, 115.52, 112.82, 110.65,
79.73, 54.93, 31.76, 23.02. HRMS (ESI) m/z calcd for Cy,H,F3NO; [M+H]": 406.1552;

Found: 406.1543.

(E)-3-(4-(cyclopentyloxy)-3-methoxyphenyl)-N-(4-(dimethylamino) phenyl) acrylamide (5)

Yellow solid (yield: 47 %). 'H NMR (400 MHz, Chloroform-d) 6 7.65 (d, J = 15.4 Hz, 1H),
7.49 (d, J = 8.5 Hz, 2H), 7.43 (s, 1H), 7.11 — 6.98 (m, 2H), 6.83 (d, J = 8.3 Hz, 1H), 6.74
(d, J = 8.5 Hz, 2H), 6.42 (d, J = 15.4 Hz, 1H), 4.79 (tt, J = 6.4, 3.2 Hz, 1H), 3.84 (s, 3H),
2.92 (s, 6H), 2.00 — 1.78 (m, 6H), 1.69 — 1.54 (m, 2H). 13C NMR (100 MHz, Chloroform-d)
0 163.00, 148.90, 148.48, 140.39, 126.50, 120.94, 120.55, 117.77, 113.14, 112.30, 109.52,
79.41, 55.01, 40.07, 31.85, 23.10. HRMS (ESI) m/z calcd for CyHpgN,O; [M+H]*:

381.2100; Found: 381.2116.

(E)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-N-(4-(dimethylamino) phenyl) acrylamide (17)

Yellow solid (yield: 37 %). 'H NMR (400 MHz, Chloroform-d) J 7.66 (s, 1H), 7.53 (s, 1H),
7.49 (d, J = 8.4 Hz, 2H), 7.10 — 6.99 (m, 2H), 6.82 (d, J = 8.2 Hz, 1H), 6.71 (d, J = 8.9 Hz,
2H), 6.42 (d,J = 15.4 Hz, 1H), 4.76 (s, 1H), 3.85 (s, 3H), 2.91 (s, 6H), 1.96 — 1.76 (m, 6H),

1.68 — 1.53 (m, 2H). 3C NMR (100 MHz, Chloroform-d) 6 164.07, 151.63, 147.76, 141.37,
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127.82, 121.59, 119.02, 113.77, 113.15, 111.74, 80.58, 56.02, 40.96, 32.83, 24.09. HRMS

(ESI) m/z calcd for Cy3H,gN,0; [M+H]™: 381.2100; Found: 381.2122.

(E)-3-(4-(cyclopentyloxy)-3-methoxyphenyl)-N-phenylacrylamide (6)

White solid (yield: 46%). '"H NMR (400 MHz, Chloroform-d) ¢ 7.72 — 7.59 (m, 4H), 7.36 —
7.29 (m, 2H), 7.14 —7.08 (m, 1H), 7.05 (dd, J = 8.3, 2.1 Hz, 1H), 7.01 (d, J = 2.1 Hz, 1H),
6.82 (d, J = 8.3 Hz, 1H), 6.45 (d, J = 15.4 Hz, 1H), 4.79 (tt, J = 6.4, 3.2 Hz, 1H), 3.82 (s,
3H), 2.02 — 1.75 (m, 6H), 1.61 (dtd, J = 6.9, 5.2, 3.2 Hz, 2H). 3C NMR (100 MHz,
Chloroform-d) ¢ 164.46, 149.91, 149.70, 142.34, 138.27, 129.05, 127.25, 124.26, 122.15,
118.42, 118.40, 114.10, 110.60, 80.47, 55.99, 32.88, 24.14. HRMS (ESI) m/z calcd for

C,1Hp3NOs [M+H]*: 338.1678; Found: 338.1685.

(E)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-N-phenylacrylamide (18)

White solid (yield: 51 %). 'H NMR (400 MHz, Chloroform-d) 6 7.78 (s, 1H), 7.71 — 7.60
(m, 3H), 7.36 — 7.29 (m, 2H), 7.14 — 7.07 (m, 1H), 7.07 — 7.01 (m, 2H), 6.81 (d, J = 8.3 Hz,
1H), 6.46 (d, J = 15.5 Hz, 1H), 4.74 (tt, J = 5.9, 3.5 Hz, 1H), 3.85 (s, 3H), 1.75 — 1.96 (m,
6H), 1.65 — 1.53 (m, 2H). 3C NMR (100 MHz, Chloroform-d) ¢ 164.51, 151.78, 147.74,
142.34, 138.29, 129.05, 127.54, 124.25, 121.81, 119.93, 118.57, 113.71, 111.68, 80.58,
55.99, 32.82, 24.09. HRMS (ESI) m/z caled for Cp;Ho3NO; [M+H]*: 338.1678; Found:

338.1696.

(E)-3-(4-(cyclopentyloxy)-3-methoxyphenyl)-N-(4-(trifluoromethyl) phenyl) acrylamide (7)

White solid (yield: 64 %). 'H NMR (400 MHz, Chloroform-d) 8 7.75 (d, J = 8.4 Hz, 2H),
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7.71 (d, J = 15.4 Hz, 1H), 7.64 (s, 1H), 7.59 (d, J = 8.4 Hz, 2H), 7.08 (dd, J = 8.3, 2.0 Hz,
1H), 7.03 (d, J = 2.0 Hz, 1H), 6.85 (d, J = 8.3 Hz, 1H), 6.42 (d, J = 15.4 Hz, 1H), 4.81 (it,
J = 6.4,3.2 Hz, 1H), 3.85 (s, 3H), 2.03 — 1.76 (m, 6H), 1.65 — 1.59 (m, 2H). 13C NMR (100
MHz, Chloroform-d) 6 164.51, 150.05, 149.96, 143.39, 141.29, 126.91, 126.38, 126.34,
126.30, 126.26, 122.43, 119.38, 117.62, 114.07, 110.64, 80.51, 56.04, 32.88, 24.14. HRMS

(ESI) m/z calcd for CypH,,F3NO; [M+H]™: 406.1552; Found: 406.1535.

(E)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-N-(4-(trifluoromethyl) phenyl) acrylamide (19)

White solid (yield: 34 %). '"H NMR (400 MHz, Chloroform-d) ¢ 10.46 (s, 1H), 7.91 (d, J =
8.5 Hz, 2H), 7.70 (d, J = 8.6 Hz, 2H), 7.58 (d, J = 15.6 Hz, 1H), 7.25 — 7.17 (m, 2H), 7.02
(d, J =89 Hz, 1H), 6.70 (d, J = 15.6 Hz, 1H), 4.85 (tt, J = 5.9, 2.6 Hz, 1H), 3.80 (s, 3H),
1.94 (dp, J = 11.9, 8.1, 6.3 Hz, 2H), 1.81 — 1.68 (m, 4H), 1.66 — 1.54 (m, 2H). 13C NMR
(100 MHz, Chloroform-d) 0 164.83, 151.90, 147.62, 143.45, 141.78, 127.67, 126.63, 126.59,
126.55, 126.51, 122.28, 119.64, 119.44, 113.63, 112.65, 80.01, 56.06, 32.75, 24.09. HRMS

(ESI) m/z calcd for CypHoF3sNO; [M+H]™: 406.1552; Found: 406.1547.

(E)-N-(4-aminophenyl)-3-(4-(cyclopentyloxy)-3-methoxyphenyl) acrylamide (8)

Yellow solid (vield: 50 %). "H NMR (400 MHz, Chloroform-d) § 9.71 (s, 1H), 7.43 (d, J =
15.6 Hz, 1H), 7.36 (dd, J = 8.7, 1.8 Hz, 2H), 7.17 (d, J = 2.0 Hz, 1H), 7.12 (dd, J = 8.3, 2.0
Hz, 1H), 6.96 (d, J = 8.3 Hz, 1H), 6.65 (d, J = 15.6 Hz, 1H), 6.57 — 6.50 (m, 2H), 4.82 (tt,
J =6.1,2.6 Hz, 1H), 3.80 (s, 3H), 3.35 (s, 2H), 1.97 — 1.83 (m, 2H), 1.77 — 1.64 (m, 4H),
1.57 (qt, J = 6.3, 3.1 Hz, 2H). *C NMR (100 MHz, Chloroform-d) § 163.38, 150.05, 148.93,

145.21, 139.45, 129.20, 128.01, 121.84, 121.11, 121.02, 120.76, 114.71, 114.33, 110.81,
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79.95, 55.89, 32.77, 24.13. HRMS (ESI) m/z caled for C,Hy4N,O3 [M+H]": 353.1787;

Found: 353.1776.

(E)-N-(4-aminophenyl)-3-(3-(cyclopentyloxy)-4-methoxyphenyl) acrylamide (20)

Yellow solid (yield: 51 %). 'H NMR (400 MHz, Chloroform-d) 6 7.63 (d, J = 15.4 Hz, 1H),
7.47 (s, 1H), 7.39 (d, J = 8.2 Hz, 2H), 7.05 (dd, J = 11.3, 3.4 Hz, 2H), 6.82 (d, J/ = 8.2 Hz,
1H), 6.65 (d, J = 8.7 Hz, 2H), 6.39 (d, J = 15.4 Hz, 1H), 4.76 (dq, J = 6.6, 3.6, 3.1 Hz, 1H),
3.85 (s, 3H), 3.60 (s, 2H), 1.94-1.77 (m, 6H), 1.56-1.64 (m, 2H). '*C NMR (100 MHz,
Chloroform-d) ¢ 164.10, 151.68, 147.75, 143.25, 141.55, 129.69, 127.74, 121.82, 121.65,
118.88, 115.45, 113.77, 111.74, 80.60, 56.01, 32.82, 24.08. HRMS (ESI) m/z calcd for

C21H24N203 [M+H]+Z 3531787, Found: 353.1781.

(E)-N-(2-aminophenyl)-3-(4-(cyclopentyloxy)-3-methoxyphenyl) acrylamide (9)

Yellow solid (yield: 43 %). '"H NMR (400 MHz, Chloroform-d) 6 7.67 (d, J = 15.4 Hz, 1H),
7.46 (s, 1H), 7.28 (s, 1H), 7.10 — 6.99 (m, 3H), 6.87 — 6.76 (m, 3H), 6.71 (s, 1H), 6.46 (d, J
= 15.6 Hz, 1H), 4.80 (tt, J = 6.8, 3.3 Hz, 1H), 3.88 — 3.83 (m, 3H), 1.99 — 1.80 (m, 6H),
1.66 — 1.58 (m, 2H). *C NMR (100 MHz, Chloroform-d) ¢ 164.62, 149.95, 149.76, 142.42,
140.71, 127.22, 127.05, 125.03, 122.15, 120.28, 119.60, 118.27, 117.70, 116.75, 114.13,
110.66, 80.46, 56.09, 32.88, 24.15. HRMS (ESI) m/z calcd for C,;H4N,O3 [M+H]":

353.1787; Found: 353.1796.

(E)-N-(2-aminophenyl)-3-(3-(cyclopentyloxy)-4-methoxyphenyl) acrylamide (21)

Yellow solid (yield: 46 %). 'H NMR (400 MHz, Chloroform-d) 6 7.67 (d, J = 15.4 Hz, 1H),
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7.41 (s, 1H), 7.27 (d, J = 8.6 Hz, 1H), 7.13 — 6.99 (m, 3H), 6.83 (dd, J = 12.0, 7.8 Hz, 3H),
6.44 (d, J = 15.5 Hz, 1H), 4.79 (d, J = 6.3 Hz, 1H), 3.93 (s, 2H), 3.87 (s, 3H), 2.01 — 1.77
(m, 6H), 1.66 — 1.58 (m, 2H). *C NMR (100 MHz, Chloroform-d)  151.93, 147.81, 142.51,
127.51,127.08, 121.85, 119.62, 118.27, 117.81, 113.85, 111.74, 80.63, 56.04, 32.83, 24.07.

HRMS (ESI) m/z caled for C,;Hp4N,O5; [M+H]*: 353.1787; Found: 353.1775.

(E)-N-(2-amino-4-fluorophenyl)-3-(4-(cyclopentyloxy)-3-methoxyphenyl) acrylamide (10)

Yellow solid (yield: 39 %). 'H NMR (400 MHz, Chloroform-d) 6 7.67 (d, J = 15.5 Hz, 1H),
7.18 — 6.96 (m, 3H), 6.85 (d, J = 8.2 Hz, 1H), 6.55 — 6.38 (m, 3H), 4.81 (dp, J = 6.8, 3.2
Hz, 1H), 4.05 (s, 2H), 3.86 (s, 3H), 2.06 — 1.77 (m, 6H), 1.62 (d, J = 4.9 Hz, 2H). 1*C NMR
(100 MHz, Chloroform-d) 0 149.96, 149.87, 142.71, 135.09, 127.06, 122.19, 117.26, 117.05,
114.11, 110.66, 80.47, 56.10, 32.88, 24.15. HRMS (ESI) m/z calcd for C,;;H»;FN,0O5

[M+H]*: 371.1693; Found: 371.1711.

(E)-N-(2-amino-4-fluorophenyl)-3-(3-(cyclopentyloxy)-4-methoxyphenyl) acrylamide (22)

Yellow solid (yield: 47 %). '"H NMR (400 MHz, Chloroform-d) ¢ 7.89 (s, 1H), 7.66 — 7.57
(m, 1H), 7.08 (dd, J = 8.6, 5.9 Hz, 1H), 7.00 (d, J = 8.3 Hz, 2H), 6.77 (d, J = 8.2 Hz, 1H),
6.53 — 6.35 (m, 3H), 4.73 (tt, J = 6.6, 3.3 Hz, 1H), 4.07 (s, 2H), 3.83 (s, 3H), 1.95 — 1.84
(m, 4H), 1.83 — 1.74 (m, 2H), 1.58 (ttd, J = 7.9, 5.0, 4.0, 1.6 Hz, 2H). 13C NMR (100 MHz,
Chloroform-d) 6 165.27, 162.96, 160.54, 151.80, 147.67, 143.23, 143.12, 142.36, 127.40,
127.15, 127.05, 121.60, 119.82, 117.72, 113.98, 111.67, 105.54, 105.31, 104.06, 103.81,
80.58, 55.95, 32.78, 24.06. HRMS (ESI) m/z caled for C,;Hy3FN,O5; [M+H]"™: 371.1693;

Found: 371.1704.
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(E)-3-(4-(cyclopentyloxy)-3-methoxyphenyl)-N-(pyridin-4-yl) acrylamide (11)

Yellow solid (yield: 55 %). '"H NMR (400 MHz, Chloroform-d) 6 9.09 (s, 1H), 8.53 — 8.47
(m, 2H), 7.71 (d, J = 15.4 Hz, 1H), 7.68 — 7.64 (m, 2H), 7.02 (dd, J = 8.3, 2.1 Hz, 1H), 6.95
(d, J =2.1 Hz, 1H), 6.82 (d, J = 8.4 Hz, 1H), 6.49 (d, J = 15.5 Hz, 1H), 4.79 (tt, J = 6.4,
3.2 Hz, 1H), 3.77 (s, 3H), 1.99 — 1.91 (m, 2H), 1.91 — 1.83 (m, 2H), 1.83 — 1.75 (m, 2H),
1.64 — 1.56 (m, 2H). *C NMR (100 MHz, Chloroform-d) ¢ 165.39, 150.39, 150.01, 149.81,
146.07, 143.64, 126.86, 122.46, 117.59, 113.97, 113.83, 110.56, 80.50, 55.91, 32.85, 24.13.

HRMS (ESI) m/z caled for C,0Hp,N,O3 [M+H]*: 339.1630; Found: 339.1639.

(E)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-N-(pyridin-4-yl) acrylamide (23)

Yellow solid (yield: 61 %). 'H NMR (400 MHz, Chloroform-d) & 9.59 (s, 1H), 8.50 — 8.41
(m, 2H), 7.78 — 7.66 (m, 3H), 7.04 (dd, J = 8.4, 2.0 Hz, 1H), 7.00 (d, J = 2.0 Hz, 1H), 6.80
(d,J = 8.4 Hz, 1H), 6.60 (d, J = 15.5 Hz, 1H), 4.70 (ddd, J = 7.0, 5.7, 3.4 Hz, 1H), 3.83 (s,
3H), 1.94 — 1.68 (m, 6H), 1.61 — 1.50 (m, 2H). 3C NMR (100 MHz, Chloroform-d) 3 165.63,
152.11, 149.58, 147.69, 147.26, 143.86, 127.18, 122.23, 117.73, 114.14, 113.66, 111.67,
80.63, 55.96, 32.78, 24.08. HRMS (ESI) m/z caled for CaoH»N,05 [M+H]*: 339.1630;

Found: 339.1642.

(E)-N-(4"-amino-[1,1"-biphenyl]-4-yl)-3-(4-(cyclopentyloxy)-3-methoxyphenyl) acrylamide

(12)

Yellow solid (yield: 32 %). '"H NMR (400 MHz, Chloroform-d) ¢ 10.12 (s, 1H), 7.71 (d, J

= 8.3 Hz, 2H), 7.57 — 7.47 (m, 3H), 7.38 — 7.31 (m, 2H), 7.21 (d, J = 2.0 Hz, 1H), 7.16 (dd,
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J =8.4,2.0Hz, 1H), 6.98 (d, J = 8.4 Hz, 1H), 6.71 (d, J = 15.6 Hz, 1H), 6.66 — 6.60 (m,
2H), 5.18 (s, 2H), 4.84 (it, J = 6.1, 2.5 Hz, 1H), 3.81 (s, 3H), 2.00 — 1.83 (m, 2H), 1.79 —
1.65 (m, 4H), 1.65 — 1.51 (m, 2H). '*C NMR (100 MHz, Chloroform-d)  164.14, 150.06,
149.17, 148.50, 140.58, 137.82, 136.11, 127.79, 127.60, 127.22, 125.98, 122.16, 120.27,
119.92, 114.70, 114.66, 110.86, 79.96, 55.91, 32.78, 24.14. HRMS (ESI) m/z calcd for

Cy7H sN,05 [M+H]™: 429.2100; Found: 429.2123.

(E)-N-(4"-amino-[1,1"-biphenyl]-4-yl)-3-(3-(cyclopentyloxy)-4-methoxyphenyl) acrylamide

(24)

Yellow solid (yield: 47 %). 'H NMR (400 MHz, Chloroform-d) 6 10.08 (s, 1H), 7.81 — 7.60
(m, 2H), 7.59 — 7.46 (m, 3H), 7.41 — 7.28 (m, 2H), 7.18 (d,J = 7.2 Hz, 2H), 7.01 (d, J = 8.4
Hz, 1H), 6.77 — 6.56 (m, 3H), 4.85 (tt, J = 6.0, 2.7 Hz, 1H), 3.79 (s, 3H), 1.94 (dh, J = 11.1,
4.3, 3.7 Hz, 2H), 1.75 (tt, J = 8.4, 4.6 Hz, 4H), 1.60 (ddq, J = 11.7, 8.9, 5.7 Hz, 2H). 13C
NMR (100 MHz, Chloroform-d) ¢ 168.90, 156.44, 153.24, 152.39, 145.35, 142.54, 140.90,
132.72, 132.39, 131.97, 130.74, 126.79, 125.11, 124.71, 119.47, 118.37, 117.46, 84.81,
60.83, 37.52, 28.85. HRMS (ESI) m/z calcd for C,;HsN,O5; [M+H]": 429.2100; Found:

429.2117.

(E)-3-(4-(cyclopentyloxy)-3-methoxyphenyl)-N-((1S,3S,5S,7S)-3,5-dimethyladamantan- 1 -

vl) acrylamide (13)

White solid (vield: 41 %). 'H NMR (400 MHz, Chloroform-d) 8 7.47 (d, J = 15.4 Hz, 1H),
7.08 — 6.95 (m, 2H), 6.83 (d, J = 8.2 Hz, 1H), 6.19 (d, J = 15.4 Hz, 1H), 5.34 (s, 1H), 4.79

(tt, J = 6.4, 3.2 Hz, 1H), 3.85 (s, 3H), 2.16 (h, J = 3.2 Hz, 1H), 2.01 — 1.77 (m, 8H), 1.72 (s,
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4H), 1.67 — 1.55 (m, 2H), 1.41 (dt, J = 12.3, 2.6 Hz, 2H), 1.35 — 1.27 (m, 2H), 1.26 — 1.11
(m, 2H), 0.86 (s, 6H). *C NMR (100 MHz, Chloroform-d) & 165.34, 149.89, 140.21, 127.66,
121.83, 119.74, 114.14, 110.30, 80.39, 56.04, 53.73, 50.62, 47.70, 42.70, 40.31, 32.88,
32.43, 30.18, 30.10, 24.15. HRMS (ESI) m/z caled for CoHyNO; [M+H]: 424.2773;

Found: 424.2782.

(E)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-N-((18S,3S,5S,7S)-3,5-dimethyladamantan- 1 -

yl) acrylamide (25)

White solid (yield: 44 %). '"H NMR (400 MHz, Chloroform-d) 6 7.47 (d, J = 15.4 Hz, 1H),
7.10 — 6.96 (m, 2H), 6.82 (d, J = 8.3 Hz, 1H), 6.18 (d, J/ = 15.4 Hz, 1H), 5.37 (s, 1H), 4.78
(tt,J =6.3,3.2 Hz, 1H), 3.86 (s, 3H), 2.17 (hept, J = 3.2 Hz, 1H), 1.99 — 1.80 (m, 8H), 1.72
(t, J = 2.0 Hz, 4H), 1.67 — 1.55 (m, 2H), 1.41 (dt, J = 12.3, 2.7 Hz, 2H), 1.35 — 1.27 (m,
2H), 1.24 - 1.12 (m, 2H), 0.86 (s, 6H). *C NMR (100 MHz, Chloroform-d)  165.36, 151.42,
147.70, 140.28, 127.87, 121.55, 119.79, 113.48, 111.63, 80.50, 56.02, 53.76, 50.62, 47.70,
42.70, 40.29, 32.84, 32.43, 30.18, 30.10, 24.11. HRMS (ESI) m/z calcd for C,;H37NO;

[M+H]*: 424.2773; Found: 424.2779.

(E)-3-(4-(cyclopentyloxy)-3-methoxyphenyl)-N-(4-(4-methylpiperazin-1-yl)phenyl)

acrylamide (14)

Yellow solid (yield: 55.13 %). "H NMR (400 MHz, CDCLy) 6 7.67 (d, J = 15.4 Hz, 1H),
7.52 (s, 3H), 7.12 — 6.97 (m, 2H), 6.88 (dd, J; = 25.6, J, = 8.5 Hz, 3H), 6.43 (d, J = 15.4
Hz, 1H), 4.81 (s, 1H), 3.86 (s, 3H), 3.19 (s, 4H), 2.71 — 2.46 (m, 4H), 2.37 (s, 3H), 1.90 (dd,

J; =30.0, J, = 10.4 Hz, 6H), 1.63 (s, 2H). 3C NMR (100 MHz, Chloroform-d) & 164.36,
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151.56, 148.11, 147.69, 141.48, 130.89, 127.79, 121.56, 121.27, 119.07, 116.52, 113.79,
111.73, 80.55, 77.40, 77.09, 76.77, 55.95, 55.06, 49.38, 46.09, 32.79, 29.69, 24.06. HRMS

(ESI) m/z calcd for CyH33N30; [M+H]™: 436.2601; Found: 436.2595.

(E)-3-(3-(cyclopentyloxy)-4-methoxyphenyl)-N-(4-(4-methylpiperazin-1-yl)phenyl)

acrylamide (26)

Yellow solid (yield: 58.96 %). '"H NMR (400 MHz, CDCl;) 6 7.65 (d, J = 15.4 Hz, 1H),
7.50 (d, J = 6.2 Hz, 2H), 7.31 (s, 1H), 7.12 - 7.02 (m, 2H), 6.91 (d, J = 8.9 Hz, 2H), 6.84
(d, J = 8.2 Hz, 1H), 6.38 (d, J = 15.4 Hz, 1H), 4.78 (s, 1H), 3.87 (s, 3H), 3.18 (d, J = 4.5
Hz, 4H), 2.63 — 2.51 (m, 4H), 2.35 (s, 3H), 1.87 (dd, J; = 15.3, J, = 10.9 Hz, 6H), 1.68 (s,
2H). 3C NMR (100 MHz, Chloroform-d) ¢ 164.24, 149.88, 149.53, 148.14, 141.64, 130.83,
127.45, 122.00, 121.25, 118.74, 116.61, 114.11, 110.59, 80.44, 77.38, 77.06, 76.74, 55.99,
55.04, 49.40, 46.08, 32.87, 29.71, 24.14. HRMS (ESI) m/z calcd for C;sH33N3;0; [M+H]™:

436.2609; Found: 436.2595.

2 Reagents materials

Dulbecco's modified Eagle's medium (DMEM), and fetal bovine serum (FBS) were
purchased from Gibco (Grand Island, NY, USA). Dimethyl sulfoxide (DMSO), Trypsin,
thiazolyl blue tetrazolium bromide (MTT), lipopolysaccharide (LPS) and anti-GAPDH
antibody were purchased from Sigma Aldrich (St. Louis, MO, USA). Tested compounds
were dissolved in DMSO and stored at -20°C. Anti-f-Actin antibody was purchased from

Thermo Fisher. Anti-CREB phosphorylated and anti- NF-xB p65 were from Cell Signaling
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Technology. Anti-Lamin B, anti-HO-1, anti-MMP2 and anti-MMP9 antibodies were

obtained from Abcam. Anti-BDNF antibody was obtained Santa cruz.

2.1 Cell cultures

HT?22 cell was an immortalized cell line from mouse hippocampus, which was a gift from
Prof. Jun Liu, Sun Yat-Sen Memorial Hospital, Sun Yat-Sen University, China. BV2 cell
was a murine microglial cell line, obtained from China Center for Type Culture Collection,
catalog number: GDC311. Cells were cultured in DMEM s containing 10 % FBS and

incubated at 37°C under 5% CO,.

2.2 MTT assay and LDH assay

Cell toxicity and viability were estimated by MTT assay and LDH assay. The release of
LDH in the culture medium was estimated through an LDH Release Assay Kit (Beyotime,
China). HT22 cells were cultured in 96-well plates at the concentration of 1x103/mL and
exposed to compound 5 (3, 10, 30, 100 and 300 uM) for 24 h. 20 uL supernatant per well
was added into a 96-well microplate to estimate LDH levels according to the manufacturer's
instructions. The absorbance was measured through a multi-mode reader (Bio-Tek, USA) at

540 nm.

For the MTT assay, HT22 cells were cultured in 96-well plates at the concentration of
1x10%/mL. Cells were exposed to compounds (1, 3, 10 and 100 xM) for 24 h. Or cells were
treated with compounds (1, 3,10 M) for 30 min and then exposed to glutamate (3 mM) for

another 24 h. 10 uL MTT (5 mg/ml) was added and incubated for 2 h at 37 °C. MTT reagent
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was removed out and then replaced with DMSO (100 wL). After shaking at room
temperature for 10 min, the absorbance was measured through a multi-mode reader at 570
nm. Results were expressed as the percentage of untreated cells. Each concentration had at
least three replicates. For MTT and LDH assays, all data were represented as mean + SEM

from three independent experiments.

2.3 Measurement of nitric oxide (NO)

NO generation in the medium was determined in the culture supernatant using Griess
reagents (Beyotime, S0021). BV2 cells were grown at 4 x 104 cells per well in 96-well plates
and then incubated for 24 h. The cells were pretreated with or without compound 5 at 1, 3,
10 M for 2 h, then add LPS (1 ug/mL) in the wells for 24 h. To evaluate the NO levels,
take out the Griess reagent I and I to return to room temperature. Dilute the standard
sample with the solution of 1-100 M using culture medium. Add standard diluent and the
supernatant 50 uL respectively into 96 well plate. Add equal volume of Griess reagents I

and II (50 uL) were mixed at room temperature. Incubate the mixture at room temperature
for 15 min. Then the absorbance of the mixture was measured in a microplate absorbance

reader at 540 nm. Each concentration had four replicates in three independent experiments.

2.4 Extraction of cytoplasmic and nuclear proteins

At 2 h after drug treatment, the BV2 cells were harvested and washed 3 times with cold
phosphate-buffered saline (PBS). The cytoplasmic and nuclear protein fractions were
extracted using Active Motif nuclear extraction kits (40010) according to the manufacturer’s

protocol. Add cold phosphatase inhibitor solution. Cells were collected to a new EP tube at
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12000 g, 10 min, 4°C. Discard the supernate and resuspend the pellet with hypotonic buffer
for 15 min. Centrifuge the solution at 14,000 g 4°C for 3 min. Keep the supernate for
cytoplasmic proteins. Use complete lysis buffer to resuspend the pellet for 30 min.
Centrifuge the solution for 14,000 g 4°C for 10 min. Keep the liquid for nuclear proteins.

Cytoplasmic and nuclear protein extracts were used for Western blot analysis.

2.5 Western blotting

HT22 or BV2 cells was plated at a density of 1x10%mL in 6-well plate and pretreated with
compounds and then stimulated with LPS (1 ug/mL) for 24 h. Then the cells were lysed with
lysis buffer on ice. Collect the lysates centrifuging at 12,000 rpm for 15 min at 4°C and the
concentrations of protein were quantified with BCA assay. For the animal experiment, the
hippocampus and cortex tissues were flash frozen and stored at -80°C until homogenization.
The tissues were homogenized with lysis buffer containing protease and phosphatase
inhibitor. Then the homogenates were centrifuged at 12,000 rpm for 15 min at 4°C and the
concentrations of protein were quantified with BCA assay. Protein samples were separated
by using 10% SDS-PAGE and then transferred to a polyvinylidene fluoride membrane and
incubated with 5% BSA at room temperature for 2 h. Then the membranes were incubated
with the primary antibodies overnight at 4°C. Then the membranes were washed with a tris
buffered saline/t buffer for 30 min and then incubated with secondary antibodies at room
temperature for 1.5 h. The protein bands were visualized by using an ECL Prime kit

(Millipore, USA). Three independent experiments were implemented.

2.6 Immunofluorescence
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Cells were seeded and cultured on coverslips in 24 well plates. When the cells came to 60 %
-70 % confluence, take various drug administration. After treatment, discard the supernate
and wash with cold PBS. Then fixed with 4% paraformaldehyde for 20 min at room
temperature. After washing three times with ice-cold PBS, cells were merged with 0.1%
TritonX-100 for 10 min, and then incubated with 10% goat serum at room temperature for
1 h. Cells were incubated with primary antibodies against p-CREB (1:200), NF-«B (1:250)
at 4 °C overnight. After washing three times with ice-cold PBS, cells were incubated with
goat-anti-rabbit secondary antibodies conjugated to Alexa Fluor 488 (Invitrogen, Carlsbad,
CA) for 60 min at room temperature in the dark. The nuclei were incubated with DAPI
(Beyotime, China, catalog, C1002, 5 mg/ml in PBS) in the dark for 8§ min at room
temperature. Take out the coverslips and transfer them on slides with anti-fluorescence
quenching agent. Immunofluorescent images were acquired through a confocal microscope

(Olympus FV3000, Japan).

2.7 Animals

All the animal experiments were approved by the Ethics Committee on the Care and Use of
Laboratory Animals of Sun Yat-sen University (Guangzhou, China). KunMing mice (20 -
25 g, 8 w, male) were purchased from Sun Yat-sen University Animal Center. All mice were
housed in a temperature- (20 = 2 °C) and humidity-controlled room with 12 h dark/light

cycle with food and water available ad libitum.

2.8 Animal experimental protocol
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All experiments were approved by the local ethics committee. According to the model of
cortical injury, the modified rubber bullet impact model was built in our laboratory. The
rubber bullet was shot by an air gun to damage the unilateral cortex of mice. The modeling
procedures were as follows: firstly, the mice were anesthetics by intraperitoneal injection of
1% pentobarbital sodium (50 mg/kg). Then, the scalpel was used to cut into the scalp of the
mouse, and the skull was exposed. A marker was used to mark the striking area on the right
hemisphere (3 mm lateral and 1 mm posterior to the bregma). Then, the air gun is loaded
with rubber bullets and loaded. The iron ring of the muzzle is aimed at the hit area, and 2
shots are fired. Stitch up the wound quickly; Finally, the mice were put back into their cages.
Mice were randomly divided into four groups designated as follows: the sham group (n=
10), the modeling group (n= 10), the TBI + compound 5 (5 mg/kg, HPLC, 99.14%) group
(n=10), the TBI + compound 5 (10 mg/kg) group (n= 10). Compound 5 was administered
by gavage in two divided doses, and was administered at 0 h and 6 h after awaking. Mice

were sacrificed at 48 h after modeling.

2.9 Measurement of BBB Permeability by Evans Blue (EB)

Colorimetry detection of extravasated EB dye was used to evaluate BBB disruption of the
mice after TBI quantitatively. Briefly, one hour before sacrifice, EB dye (Sigma, freshly
dissolved in sterile saline, 2% w/v in PBS) was injected into the tail vein (4 mL/kg). After
about one hour, mice were deeply anesthetized with 1% pentobarbital sodium (50 mg/kg,
1.p.). Then rapidly perfuse from the left ventricle to the right atrium using normal saline until

the effluent clarifies. Brains were quickly removed. Afterwards wash out the blood on the
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surface with 0.9 % NaCl. Put the tissues in formamid (10 mL/g) for homogenization and
incubate the brains for 24 h at 60°C water bathe. Then centrifuge the homogenate at 4,000
rpm for 20 mins at 4 °C. Fluorescence values of the supernatant were analyzed by a
fluorescence spectrophotometer at the wavelength of 632 nm. The contents of EB dye were

quantified from a linear standard curve.

2.10 Statistical analysis

The data were presented as means = SD for at least 3 experiments. Statistical differences
between the groups were examined using one-way analysis of variance (ANOVA), followed

by a Tukey-Kramer test. The significance of the results was determined at P<0.05.

Associated contents
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TBI, Traumatic brain injury; HO-1, heme oxygenase-1; P-CREB the phosphorylated cAMP
response elements binding protein; CNS, central nervous system; AD, Alzheimer’s disease;
Neurodegenerative diseases, NNDs; PDE4, phosphodiesterase-4; BBB, blood-brain barrier;
LTP, long-term potentiation; Nrf2, nuclear factor-related factor 2; HO, heme oxygenase;
BDNF, brain-derived neurotrophic factor; CREB, Cyclic AMP response protein element
binding protein; PD, Parkinson’s disease; NO, nitric oxide; ROS, reactive oxygen species;
TNF-a, tumor necrosis factor; IL-1p, interleukin; LPS, lipopolysaccharide; clog P, octanol—
water partitioning coefficient; MW, molecular weight; LDs,, the median lethal dose;
PROTAC, PROteolysis Targeting Chimeras; MMP, Matrix metalloproteinase; TLC, Thin-
layer chromatography; NMR, nuclear magnetic resonance; HRMS, High-resolution mass
spectrometric data; DMEM, Dulbecco's modified Eagle's medium; FBS, fetal bovine serum;
DMSO, Dimethyl sulfoxide; MTT, thiazolyl blue tetrazolium bromide; LDH, lactate

dehydrogenase; PBS, phosphate-buffered saline;
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Table 1. Neuroprotective and cytotoxic effects of compounds in HT22 cells.

R3

R1°]©/VL Cytotoxicity Glutamate (3 mM) Acrolein (20 uM)
Compd. =

R! R? R 100 uM 3uM 10 uM 3uM 10 uM
3 CH; CsHe 2-OHPh 541423  247+08 460+1.8 455+05 493+12
4 CH; CsHo 3-CFsPh 33.1+13 248+09  423+06 420+12 524+0.7
5 CH; CsHe 4-N(CH3),Ph  1034+13  758+13 1005+1.2 728+12 96.4+14
6 CH; CsHo Ph 69.7+2.5  246+04  565+15 394+1.1 526+0.5
7 CH; CsHe 4-CF3Ph 472+1.8  28.0+07 547406 37.7+0.7 43.0+0.6
8 CH; CsHe 4-NH,Ph 83.5+26  502+14 813+15 403+0.6 792+0.6
9 CH; CsHo 2-NH2Ph 431+13 277408  57.1+15 389409 62.7+12
10 CH; CsHe 2-NH,,4-FPh 648+19  240+05 443+14 37105 60.9+1.0
11 CH; CsHs =N 237+18 239409  51.7+07 348+0.7 43.6+0.7
12 CH; CsHo =OOnw, 203+1.8  25.0+08 527407 360+12 49.1+14
13 CH; CsHs ’Qf 844+09  259+17 465+15 380+10 43.8+04
14 CH; CsHs =N n- 580+1.0  522+07 654+13 427+06 63.1+0.5
15 CsHs CH; 2-OHPh 349+10 27.1+11  66.1+1.7 40.6+0.6 56.8+0.6
16 CsHo CH; 3-CF3Ph 326+1.0 258+09 448+15 37.0+06 61.6+1.2
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17 CsHg CH; 4-N(CHz)2Ph 81.6+1.3 60.2+1.6 81.0+£09 519+£06 72.8+0.6

oNOYTULT D WN =

18 CsHo CH3 Ph 80.7+0.8  264+05 463+19 374+05 455+0.5
9 19 CsHo CH3 4-CF3Ph 70.0+1.5 278409  563+1.0 36.0+04 502+1.1
1 20 CsHo CH; 4-NH,Ph 53.6+2.0  544+06 73.6+13 561407 732+1.0
13 21 CsHo CH; 2-NH,Ph 663+13  275+07 441+1.1 365+04 63.4+07
22 CsHo CHs 2-NH,,4-FPh 64.6+19  268+07 672+08 368+0.5 74.0+04
16 23 CsHs CH; =N 217423 293+12  61.6+0.7 367+04 50.9+1.0
18 24 CsHo CH3 = O~O-nma 392+1.1  305+13 518409 36.1+04 464+03
lﬁ 25 CsHo CH3 ’Qf 67.9+2.0  295+08  42.0+08 39.9+0.6 44.7+0.6

22 26 CsHo CH; =~ O-N_N- 59.0+1.7 433+06 69.7+10 404+10 524+0.7
24 Rolipram 87.1+12 398+18 854+18 546=1.1 784+09

27 Note: The table showed that the cytotoxicity of the compounds at 100 4M and neuroprotective effects against glutamate- and acrolein-induced
neuronal injury at 3 and 10 xM in HT22 cells. The cell viability was expressed as the percentage of control group. The data were expressed as the

32 mean £+ SD, n = 6.

ACS Paragon Plus Environment



oNOYTULT D WN =

ACS Chemical Neuroscience Page 58 of 59

Table 2-1. Physicochemical properties of compound 5

Caco2 CNS

Rotatable H-bond H-bond . .

Compd. LogP M.W. permeability  penetration
bonds acceptors donors

(Pe) (Score)

5 426  380.48 8 3 1 230E-6 -2.69

Note: M.W.: molecular weight; LogP: logarithm of the octanol-water partition

coefficient;
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Table 2-2. ADMET prediction of compound 5

Gl BBB Pgp CYP1A2 CYP2C19 CYP2C9 CYP2D6 LDsos LDso =

oNOYTULT D WN =

Compd.
P absorption  permeant  substrate inhibitor inhibitor inhibitor inhibitor
9 (mg/Kg)

11 5 High Yes No No Yes Yes Yes 5000 300
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