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Abstract: Ischemic stroke (IS) is a disease with high mortality and disability rate worldwide, and there are
few clinical treatment drugs. The natural active ingredients of traditional Chinese medicine, such as cinnamaldehyde
and anisaldehyde, have antioxidant and anti-inflammatory effects, which can reduce the oxidative stress injury
caused by ischemic stroke. In addition, studies have found that L-arginine is a substrate of nitric oxide synthase
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(NOS), which can be converted into NO in the body to dilate blood vessels and increase blood flow in the cerebral
ischemic area. In this paper, 10 new L-arginine/active aldimine derivatives were designed and synthesized, and the
neuroprotective effects of ischemic stroke were evaluated biologically. The results of oxygen glucose deprivation/
reperfusion (OGD/R) cell model showed that the cell survival rate of the arginine imine derivative AI-2 group
formed by L-arginine and 2-methoxycinnamaldehyde was higher than that of the positive drug butylphthalide
(NBP) group, and it could effectively release L-arginine, significantly reduce the levels of reactive oxygen species
and malondialdehyde, increase the level of superoxide dismutase, and had a high antioxidant effect. The results of
in vivo experiments showed that AI-2 (5 mg-kg") could significantly improve the neurological function score of
transient middle cerebral artery occlusion model in rats and effectively reduce cerebral infarction, which was
superior to butylphthalide. In this study, a class of L-arginine/active aldimine derivatives with neuroprotective
activity were found, which provided lead compounds for the treatment of ischemic stroke. All operations in the
experiment were approved by the Animal Ethics Committee of China Pharmaceutical University, approval No.
YSL-202503102.
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Scheme 1 Synthesis routes of target compounds AI-1 - AI-10.
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Figure 2 Effects of AI-2 and NBP on superoxide dismutase (SOD), malondiadehyde (MDA) and reactive oxygen species (ROS) in PC 12
cells. A: The content of ROS in OGD/R induced PC 12 cells treated with compound AI-2; B-D: The content of ROS (B), SOD (C), and
MDA (D) in OGD/R induced PC 12 cells treated with compound AI-2. NBP: Butylphthalide. n = 3, x £ 5. "P < 0.05, "P < 0.01, ""P < 0.001

vs OGD/R group
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Figure 3 Effects of intravenous injection of L-arginine/imine derivative (AI-2) and NBP at 1 h after ischemia on cerebral infarction

volume and neurological function score in rats with transient middle cerebral artery occlusion (tMCAO). A: The effect of compound AI-2 on
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1H), 8.25~7.30 (m, 3H), 7.65 (d, J = 8.8 Hz, 2H), 6.97
(d, J = 8.8 Hz, 2H), 3.78 (s, 3H), 3.65 (t, J = 6.5 Hz,
1H), 3.17~2.99 (m, 2H), 1.97~1.78 (m, 1H), 1.75~
1.56 (m, 1H), 1.57~1.35 (m, 2H); "C NMR (150 MHz,
DMSO-d,) d.: 176.34, 160.89, 159.13, 157.47, 129.44,
129.25, 113.91, 75.98, 55.20, 40.54, 31.22, 26.14;
HRMS (ESI) m/z Caled. for C,H,N,0,” (M+H) *
293.160 82, found 293.161 37,

&) A2~ AL-10 12 AL A ) AT-1 A S 24k
TTERAT B e
1.2 (5)-5-AME-2-(1Z,2E)-3-Q-REEXE)EAE)
SE)KER (A1-2) A E A, F 71.8%, m.p. 211~
211.2 °C. 'H NMR (600 MHz, DMSO-d,) d,: 9.71~
9.34 (m, 1H), 8.25~7.30 (m, 3H), 7.95 (d, J = 8.8 Hz,
1H), 7.75~7.64 (m, 1H), 7.58~7.48 (m, 2H), 7.07~
6.89 (m, 3H), 6.74 (dd, J = 16.0, 8.8 Hz, 1H), 3.78 (s,
3H), 3.54 (t, J = 6.3 Hz, 1H), 3.16~3.01 (m, 2H), 1.88~
1.75 (m, 1H), 1.72~1.55 (m, 1H), 1.54~1.37 (m, 2H);
“C NMR (150 MHz, DMSO-d,) J.: 176.04, 162.10,
157.96, 156.91, 147.84, 135.71, 128.88, 127.49, 124.07,
120.67, 111.52, 75.96, 55.48, 40.49, 31.33, 26.03; HRMS
(ESI) m/z Caled. for C,;H,N,0," [M+H]" 319.176 47,
found 319.177 02,
1.3 (S)-5-AlE-2-(1Z,2E)-3- X E B AR E) G &) KEL
(AI-3) A EE K, W 73.2%, m.p. 207.5~207.8 °C.
'H NMR (600 MHz, DMSO-d,) d,;: 9.36 (s, 1H), 7.99 (d,
J=8.7Hz, 1H), 8.35~7.43 (m, 3H), 7.59~7.54 (m, 2H),
7.42~7.35 (m, 2H), 7.34~7.29 (m, 1H), 7.05 (d, J =
16.0 Hz, 1H), 6.87 (dd, J = 16.0, 8.8 Hz, 1H), 3.59 (t,
J=6.5Hz, 2H), 3.18~3.01 (m, 2H), 1.90~1.76 (m, 1H),
1.66 (td, J=13.8, 11.2, 6.7 Hz, 1H), 1.54~1.39 (m, 2H);
“C NMR (150 MHz, DMSO-d,) J.: 175.80, 161.28,
157.42, 140.62, 135.59, 128.65, 128.56, 127.99, 126.91,
75.83, 40.46, 31.16, 25.86; HRMS (ESI) m/z Calcd. for
C,.H,)N,0," [M+H]" 289.165 90, found 289.166 45,
1.4 (5)-2-(1Z,2E)-3-4-BFE)GAE)FE)-5-IIE
X ER (AI-4) [ AR U 81.2%, m.p. 189.5~
189.7 °C. 'H NMR (600 MHz, DMSO-d,) ,;: 9.03 (s,
1H), 8.35~7.40 (m, 3H), 7.98~7.90 (m, 1H), 7.68~
7.52 (m, 2H), 7.22~7.08 (m, 2H), 7.01 (d, J = 15.2 Hz,
1H), 6.85~6.73 (m, 1H), 3.67~3.50 (m, 1H), 3.24~2.92
(m, 2H), 1.94~1.73 (m, 1H), 1.73~1.56 (m, 1H), 1.54~
1.31 (m, 2H); "C NMR (150 MHz, DMSO-d,) J.: 176.22,
162.40 (d, J =233.5 Hz), 161.54, 157.43, 139.89, 132.27,
129.27, 127.74, 115.70 (d, J = 21.5 Hz), 76.18, 40.51,

31.36, 26.03; HRMS (ESI) m/z Calcd. for C,;H,,FN,0,"
[M+H]" 307.156 48, found 307.157 03

1.5 (S,E)-2-((Pk M -2- £ T A &) | &) -5- A& TR BR
(AI-5)  ER[E AR, U 62.5%, m.p. 176.7~176.9 °C.
'H NMR (600 MHz, DMSO-d,) d,: 9.36 (s, 1H), 8.07
(s, 1H), 7.79 (s, 1H), 8.00~7.28 (m, 3H), 6.86 (d, J =
3.4 Hz, 1H), 6.58 (s, 1H), 3.64 (t, J = 6.5 Hz, 1H), 3.17~
3.01 (m, 2H), 1.90~1.79 (m, 1H), 1.70~1.59 (m, 1H),
1.53~1.39 (m, 2H); *C NMR (150 MHz, DMSO-d,) ..
175.75, 157.39, 151.60, 148.92, 144.97, 113.88, 111.78,
75.78, 40.47, 31.11, 26.08; HRMS (ESI) m/z Calcd. for
C,H,,N,0," [M+H]" 253.129 52, found 253.130 07.

1.6 (S,E)-2-((5-@m-2-HEETFE)TE)-5-AIEKER
(AI-6) A fE A, I 75.5%, m.p. 198.2~198.5 °C.
'H NMR (400 MHz, DMSO-d,) d,: 9.48 (s, 1H), 8.52
(d, J = 2.6 Hz, 1H), 8.12~7.34 (m, 3H), 7.52 (dd, J =
9.3, 3.3 Hz, 1H), 7.25 (td, J = 8.7, 3.4 Hz, 1H), 7.10 (dd,
J =92, 43 Hz, 1H), 3.83 (s, 3H), 3.70 (t, J = 6.6 Hz,
1H), 3.15~2.99 (m, 2H), 1.94~1.82 (m, 1H), 1.73~
1.58 (m, 1H), 1.54~1.39 (m, 2H); "C NMR (150 MHz,
DMSO-d,) 6.: 175.49, 157.32, 156.32 (d, J = 235.0 Hz),
154.62, 153.55, 117.86, 113.44, 112.20, 111.97, 75.91,
56.17, 40.52, 31.25, 26.14; HRMS (ESI) m/z Calcd. for
C,,H,,FN,0," [M+H]" 311.151 40, found 311.151 94.

1.7 (S,E)-5-AlE-2-(G-BEA-RHEETFTE)EE)
IRER (AL-7) % 3 € [ 44, 2 70.5%, m.p. 193.2~
193.4 °C. 'H NMR (600 MHz, DMSO-d,) d,;: 9.10 (s,
1H), 8.07 (s, 1H), 8.01~7.42 (m, 3H), 7.25~7.22 (m,
1H), 7.02 (d, J = 8.0 Hz, 1H), 6.90 (d, J = 8.4 Hz, 1H),
3.77 (s, 3H), 3.68~3.60 (m, 1H), 3.14~3.02 (m, 2H),
1.91~1.79 (m, 1H), 1.69~1.58 (m, 1H), 1.53~1.38 (m,
2H); "C NMR (150 MHz, DMSO-d,) 6.: 176.71, 159.67,
157.39, 149.97, 147.03, 129.49, 120.95, 113.07, 111.48,
76.21, 55.47, 40.52, 31.27, 26.05; HRMS (ESI) m/z Calcd.
for C,,H, N,0,” [M+H]" 309.155 73, found 309.156 28.
1.8 (S,E)2-(B-S4-FEETFTE)FE)-S5-ME
IXER (AI-8) ¥ B A [ 1A, U2 76.2%, m.p. 227.6~
227.8 °C. 'H NMR (400 MHz, DMSO-d,) d,;: 9.87 (s,
1H), 8.16 (s, 1H), 7.95 (d, J = 2.0 Hz, 1H), 7.91 (dd, J =
8.4, 2.0 Hz, 1H), 7.79 (d, J = 2.0 Hz, 1H), 7.64 (dd, J =
8.6, 2.0 Hz, 1H), 7.37 (d, J = 8.5 Hz, 1H), 7.20 (d, J =
8.6 Hz, 1H), 3.97 (s, 3H), 3.66 (t, J = 6.6 Hz, 1H), 1.92~
1.84 (m, 1H), 1.70~1.60 (m, 1H), 1.53~1.41 (m, 2H);
"C NMR (150 MHz, DMSO-d,) 6. 175.84, 157.64,
157.42, 155.85, 130.23, 128.44, 128.31, 121.37, 112.53,
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75.55, 56.22, 40.48, 31.18, 26.06; HRMS (ESI) m/z
Caled. for C,,H,,CIN,0,” [M+H] " 327.121 84, found
327.122 39,

1.9 (5)-2-(1Z,2E)-3-4-8 X E) AR E)SE)-5-IE
IXER (AI-9) % B 5 [ A4, U % 70.6%, m.p. 230.6~
230.8 °C. 'H NMR (600 MHz, DMSO-d,) 6,;: 9.34 (s,
1H), 7.97 (d, J= 8.7 Hz, 1H), 8.25~7.37 (m, 3H), 7.66~
7.61 (m, 2H), 7.23~7.17 (m, 2H), 7.04 (d, J = 16.0 Hz,
1H), 6.87~6.80 (m, 1H), 3.58 (t, J= 6.5 Hz, 1H), 3.16~
3.01 (m, 2H), 1.89~1.76 (m, 1H), 1.65 (h, J = 7.2 Hz,
1H), 1.53~1.37 (m, 2H); "C NMR (150 MHz, DMSO-
d) d.: 178.35, 164.46, 161.06, 151.65, 135.73, 130.46,
129.16, 128.84, 114.13, 72.75, 40.57, 30.81, 24.60;
HRMS (ESI) m/z Calcd. for C H,CIN,0," [M+H] "
323.126 93, found 323.127 48.

110 (S)-5-AM#-2-((1Z,2E)-3-G-RER X H)VER
)R E)KER (AI-10) [ & AE, U2 65.6%, m.p.
205.3~205.6 °C . 'H NMR (400 MHz, DMSO-d,) d,;:
9.34 (s, 1H), 8.13~7.39 (m, 3H), 7.94 (d, J = 8.8 Hz,
1H), 7.52 (d, J = 8.4 Hz, 2H), 7.05~6.90 (m, 3H),
6.80~6.69 (m, 1H), 3.77 (s, 3H), 3.55 (t, J = 6.4 Hz,
1H), 3.19~2.96 (m, 2H), 1.89~1.72 (m, 1H), 1.72~
1.55 (m, 1H), 1.53~1.32 (m, 2H); *C NMR (400 MHz,
DMSO-d,) d.: 176.45, 160.38, 157.83, 153.70, 140.87,
131.19, 129.10, 115.04, 114.76, 76.46, 55.67, 40.99,
31.81, 26.57; HRMS (ESI) m/z Calced. for C H,,N,0,"
[M+H]" 319.176 47, found 319.177 02.

2 EETEN

2.1 ABEEEFR  PC 1240BTES A 10% FBS. 1% & %
FA1% F 5 & AL K R Eagle 1 7% & (Dulbecco's
Modified Eagle Medium, DMEM) 4=, J£ 8 F 37 °C.
5% CO,MREFRFEH . A% 1~2 K JE, 340
BE R, RS IR 40 P 5 IR B 80% 7o A+ B kAT 4l
FRLARAR, 3 30 20 2E K BN MR 2 R 4T i 4l B kAT )
22 OGDRIEBMENRAY T LEIL
1< 10* A 4H B (1) 25 5 42 Foxs 20 A= 4 81 PC 12 41 e T
96 FLHH o K5 FLIRTE 37 °C 5% CO, [ 55 37 46 rp £ 9%,
L Y0 P A B 4 80%.  H ARAL &9 AT-1~AI-10
S RAPE 259 T 2K B DMSO Bt % 2x 107 mol-L™ i) ¥
WA B AV T, A AR VR R TR B
2 umol- L IR, F &A1 &% (2 umol- L") i) DMEM
Tii Ak EE 40 AL 3 h, 48 J5 F JC 7 % B DMEM #5775 52 5 4k,
HE TR 1% 0,.5% CO, 1 94% N, IR AV =S85
FHF . OGD 2 hJb, F5 7 10% FBS. 1% 45 2 1 1%

T 55 2 [ DMEM 5 77 4% % 4 64 % B% 1) DMEM 35 77
H. fE37°C.5% CO, FI# A 12 h &, #EAT J5 2L 5L .
2.3 CCKS8EWMMMATES Kt Al KM PC 12
4 L DURE AL 1< 10° /S 20 M 4 Fh T 96 FLAR . 441 i
LIS B2 80% I, K E A 2 pmol- L 4 & ) 4b
FEYNA3 h, 2R )5 OGD 2 h FF 4 12 h. 4 PC 1241/
5 CCKS8 (i &K & 4 0.5 mg-mL™") 7£ 37 °C £ 7% #f
HEE 1 h, 28 5 R A 4 3K B bR A AE 450 nm Tl
WG (OD) . HRHE A 30 A-1E % (%) = [(OD jy  —
OD...51) / (OD gy — OD )] X 100%, TS [F 4k &
VIR PC 12 4 A7 35 2 o

2.4 HPLCHML-Arg ORI FEE N LKA TR
FRAE i I LK 350 pg-mL" il £ 0% B it 2% %
2% B B B 0.35.0.175.0.087 5.0.043 75.0.021 875.
0.010 937 5 pg'mL" FJ¥ K, 1 H] HPLCONE-SHILIC-A
(150 mm x 4.6 mm x 5 pum) 34 Js4H: 0.01 mol- L
W — S ANVE TR - 5 (25:75); 0 L-k5 & Wb v b 14
AT, VA B B R AL AR (X)), B b W T A D N A A
V), 1HREENETTRE . B ERRI I A2 LAY pH =5
) T 1 Y5 R AR S T ) 0 B AR O 636 pgemL (1)
TR, B IS 7E 103060 min [R [H] B, 2 HUE A AL-210
S PO AT RN, FH B VA 5 FE SO RLR [R] LK
AR & -

2.5 H,DCF-DAZRNIREHMMAEAROSME L
AL 3x10° AN 41 M #% Fh T 6 FLAR 1, #4932 OGD/R #5 A
Jo, W R R R, R R 2,7 - AR
L PR g (2, 7'-dichlorofluorescin diacetate, H,DCF-DA)
(H,DCF-DA: JC Ifil i 5% 9% ¥ = 1: 1 000), & W JE A
10 pmol L™, W41 1 J5 &> 250 I 1 mL H,DCF-
DA ¥4, AR EINEL, 37 CHI L FH TG
25 min, 3% 3~5 min BUEVE S, A ERENF40 L 78 40 452
fi; AR 5 W 2 H,DCF-DA ¥ ¥, FI JC I i 3% 37 035 vk
3V, LABR 241 i 4N 1 H,DCF-DA, B 1L5% 7 S 801 &
ok e U A M AT R T O ' 5 B, 488 nm UK B
K, 525 nm K K.

2.6 SOD.MDA & =2/ME PC 12 40 g L& fL
3x10° A4 B4 Fh T 6 LA, #8 OGD/R B AL 5, %X
BARE S AL, BEFLINAS R FEFR#E 5 50 pLo AEASLIN
R 10 pl, FEONFEAS AR BRI 40 plo A5 A & FLAN
FE A L BEFL I HRP b5 ic 8945 9 51448 100 uL, H 3R
BT, BRI B 1 he 35 27000K, WOK4R EHAT,
FUIDPRIEWE, #8 B 1 min, JB R VLW, Wk 4K L4aT, &
2 5. FHLIMANJEY AB % 50 uL, #EEHE E 15 min.
FEAL N 2B, A A B AR AT 450 nm 4L W € OD 15 .
DL B AR AL AR (X), B il ODAE N AR KR (), 1518
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A 75 72, F E1E 75 72 3 5115 SOD MDA % .
3 ¥

SPF 2% I 14 Sprague-Dawley (SD) K f (190~
210 g), &) H WL 4@ ) A s 0 BoR A BR A =], ¥ Al iE
51 SCXK (#7) 2019-0001 . K B 17 72 7F 38 X8 1, 1]
FEEA AR IR (23 £ 2) °C HIAHEE (60%)- 6/ 11
(12 h) K H it ERKK. Frd shid 2R s fE
73384 R B 2R B e B S S et itk
YSL-202503102.
30 EEMARMKERMER (MCAO) Bz MK
W H AR A W AT-2 X Bl 7 9 9 B4 R PR
ALK MCAO MR RS o BUAFHEPE K B, 47 24 Sham 40
MCAO 41 .MCAO + NBP 4L fil MCAO + AI-2 41, & 41
6 Ho KK BRURRIE 5, [ e K BRUPU A, SR 330 1 A 1)
T, 2 3 A5 0 290 30 ik A 25 41 3 ik A 35 9 30 ik
FH 25 B0k 2 A R 1 e N SR B Bk, i 1 h 5 e 46
AT B . BT ARSI, R &,
32 Longa AITHZTS WHEE24h)E, H
Longa W43k 0 K BTS2 Th R 3. 040 TM&
IDhRE B, B IEHORES; 12 3R R 0 A o e 0] i i
ANBETE AR 2 430 AT AE I ) WES N B B 3 4y AT
I 1) R BI85 4 73: TEvk B ATk, A BRI R
MWE .
33 23 5-F=FEMEAMW (TTC) £& XM
2,3,5- G A = IR R DY Za e et ) 2 R AR AR AR . S 4[]
b, B 6 HORHR, B 3. SLEVEUH A, 28 5 i
ANVKFE 58 20 mine  F J) R PTEGEAR G A (2 mm), 7E
2% TTC A 37 °CHE Y4 I% 8 30 min, 15 min J5 F 5%
LR, BEJGTE 4% 2 R i [ e 1 5. FH AU A AL G
PR #EATHIE . SR Image J8PFHSORAE TR 1 40 L,
PR FEAR AR 43 b = BEARARAR / i s AR < 100%.
4 FHitFSH

Ko LLZE D 3 AT SEI6 1P M + bR 2ZE RO,
45 % F] GraphPad Prism 9.0 % {4 34T 48 it 20 4, A A
2 ) B 1 O3 A B R H R ERL R O 22 43 B (One-Way
ANOVA), #4118 LR A e/ 56, P < 0.05 BN B
Gt FE Lo

EB STk: 20 B W ST BB B S E PR SR8 1 S
RS, AR SIS SIS, MR A VAL L ATk
PTG R AT F TR AT e S B R A ST T T
FWIT SR F R CRS.

FIFNSE: AT A 1E#H 75 BAEERIZE T R R
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