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Synthesis and neuroprotective activity of resveratrol-3-n-
butylphthalide hybrids
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Abstract: 6-Bromo-3-n-butylphthalide was obtained by nitration, reduction and diazotization from carboxy-
benzaldehyde. Twenty hybrids from substituted styrene and 6-bromo-3-n-butylphthalide were synthesized and the
structure was confirmed by *H NMR, *C NMR and ESI-MS. All compounds were evaluated for neuroprotective
activity against OGD/R-induced neurotoxicity in rat cortical neurons by MTT assay. The mechanism of neuropro-
tection was investigated by Western blot analyses. The results indicated that most of these compounds had a
potent neuroprotective activity (All animal experiments were approved by the Experimental Animal Ethics
Committee of Anhui University of Chinese Medicine), especially 10h and 10i showed significant effects, which

may play a neuroprotective role by activating the PI3K/Akt signaling pathway.
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butylphthalide (NBP)
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Scheme 1 Synthetic route of target compounds. Reagents and conditions: a: CH,PPh,Br, NaNH,, THF, 0 ‘C; b: 1) SOCI,, toluene; 2) HN(Et),,
CH,CL,, 0 C; c: Mg, |,, Br(CH,),CH,, THF, -20 C; d: p-TsOH-H,0, toluene, 80 ‘C; e: K,NO,, H,SO, (Conc.), 0 C; f: Fe, NH,CI, EtOH,
H,0, 80 C; g: NaNO,, HBr (40%), CuBr; h: Pd(OAc),, P(O-Tol),, Et;N, DMF, 100 ‘C; i: BBr,, CH,Cl,, -20 C

Table 1  Structures and properties of compounds 10a-10p, 11a-11d

Compd. R, R, R, R, Yield% mp/C Character
10a H H H H 77.23 97-99 Light yellow solid
10b H CH, H H 56.15 114-116 Light yellow solid
10c H H CH, H 61.41 114-116 Light yellow solid
10d OCH, H H H 88.38 - Yellow oil
10e H OCH, H H 65.04 82-84 White solid
10f H H OCH, H 80.04 106-108 Light yellow solid
10g H OCH, OCH, H 62.55 139-141 Light yellow solid
10h H OCH, H OCH, 67.12 112-114 White solid
10i H OCH, OCH, OCH, 61.85 142-144 White solid
10j H H OAc H 50.63 122-123 White solid
10k H F H H 69.29 96-98 White solid
101 H H F H 72.75 105-107 Light yellow solid
10m H Cl H H 52.64 115-116 White solid
10n H H Cl H 57.58 137-139 Light yellow solid
100 H H NO, H 62.15 134-136 Yellow solid
10p H H CF, H 52.21 134-136 White solid
1la H OH H H 71.13 117-120 White solid
11b H H OH H 62.76 192-193 Light yellow solid
11lc H OH OH H 59.78 201-202 Light yellow solid
11d H OH H OH 56.52 177-180 Light yellow solid
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Table 2 Spectral data of target compounds

Compd.

'H NMR, C NMR, ESI-MS

10a

10b

10c

10d

10e

10f

10g

10h

10i

10j

'H NMR (400 MHz, DMSO-d,) ¢: 8.05 (s, 1H, Ar-H), 8.02 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.68 (d, J = 8.0 Hz, 1H, Ar-H), 7.65 (d, J =
7.2 Hz, 2H, Ar-H), 7.51-7.36 (m, 4H), 7.31 (d, J = 7.2 Hz, 1H, Ar-H), 5.65 (dd, J = 7.6, 4.0 Hz, 1H, CH), 2.13-2.02 (m, 1H, CH,a), 1.77—
1.66 (m, 1H, CH,b), 1.42-1.24 (m, 4H, CH,x2), 0.87 (t, J = 7.2 Hz, 3H, CH,); *C NMR (100 MHz, DMSO-d;) d: 170.28, 149.54, 138.95,
137.15, 132.89, 130.71, 129.20, 128.49, 127.35, 127.17, 126.57, 123.32, 122.62, 81.59, 33.99, 26.93, 22.36, 14.27; ESI-MS for C,,H,,0,:
m/z 293.34 [M+H]".

'H NMR (400 MHz, DMSO-dy) ¢: 8.03 (s, 1H, Ar-H), 8.00 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.67 (d, J = 8.0 Hz, 1H, Ar-H), 7.49-7.36 (m,
4H), 7.28 (t, J = 7.6 Hz, 1H, Ar-H), 7.12 (d, J = 7.6 Hz, 1H, Ar-H), 5.63 (dd, J = 8.0, 4.0 Hz, 1H, CH), 2.34 (s, 3H, Ar-CH,), 2.12-2.00
(m, 1H, CH,a), 1.77-1.63 (m, 1H, CH,b), 1.43-1.20 (m, 4H, CH,x2), 0.86 (t, J = 7.2 Hz, 3H, CH,); *C NMR (100 MHz, DMSO-d,) &
170.26, 149.49, 139.02, 138.25, 137.08, 132.84, 130.79, 129.21, 129.07, 127.65, 127.18, 126.57, 124.48, 123.31, 122.56, 81.57, 34.00,
26.92, 22.35, 21.48, 14.25; ESI-MS for C,,H,,0,: m/z 307.22 [M+H]".

H NMR (400 MHz, DMSO-d,) d: 8.01 (s, 1H, Ar-H), 7.99 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.66 (d, J = 8.0 Hz, 1H, Ar-H), 7.53 (d, J =
8.0 Hz, 2H, Ar-H), 7.41 (d, J = 16.4 Hz, 1H, =CH), 7.33 (d, J = 16.4 Hz, 1H, =CH), 7.21 (d, J = 8.0 Hz, 2H, Ar-H), 5.63 (dd, J = 7.6, 4.0
Hz, 1H, CH), 2.32 (s, 3H, Ar-CH,), 2.13-2.01 (m, 1H, CH,a), 1.77-1.64 (m, 1H, CH,b), 1.43-1.22 (m, 4H, CH,x2), 0.87 (t, J = 7.2 Hz,
3H, CH,); *C NMR (100 MHz, DMSO-d;) ¢: 170.28, 149.32, 139.10, 137.95, 134.37, 132.73, 130.62, 129.78, 127.11, 126.54, 126.31,
123.25, 122.43, 81.56, 34.02, 26.95, 22.36, 21.33, 14.26; ESI-MS for C,,H,,0,: m/z 307.14 [M+H]*.

'H NMR (400 MHz, DMSO-dy) ¢: 7.98 (d, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.95 (s, 1H, Ar-H), 7.70-7.64 (m, 2H, Ar-H), 7.55 (d, J = 16.4 Hz,
1H, =CH), 7.38 (d, J = 16.4 Hz, 1H, =CH), 7.34-7.26 (m, 1H, Ar-H), 7.06 (d, J = 8.0 Hz, 1H, Ar-H), 6.99 (t, J = 8.0 Hz, 1H, Ar-H), 5.64
(dd,J=7.6, 4.0 Hz, 1H, CH), 3.88 (s, 3H, Ar-OCHy,), 2.11-2.02 (m, 1H, CH,a), 1.76-1.66 (m, 1H, CH,b), 1.42-1.24 (m, 4H, CH,x2),
0.87 (t, J = 7.2 Hz, 3H, CH,); *C NMR (100 MHz, DMSO-d,) §: 170.24, 157.18, 149.39, 139.34, 132.58, 129.83, 127.79, 127.10, 126.55,
125.46, 125.27, 123.29, 122.48, 121.04, 111.84, 81.56, 55.91, 34.01, 26.94, 22.36, 14.24; ESI-MS for C,,H,,0,: m/z 323.11 [M+H]".

'H NMR (400 MHz, DMSO-dy) ¢: 8.04 (s, 1H, Ar-H), 8.01 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.69 (d, J = 8.0 Hz, 1H, Ar-H), 7.43 (s, 2H,
=CHx2), 7.32 (t, J = 8.0 Hz, 1H, Ar-H), 7.25-7.20 (m, 2H, Ar-H), 6.92-6.86 (m, 1H, Ar-H), 5.65 (dd, J = 8.0, 4.0 Hz, 1H, CH), 3.81 (s,
3H, Ar-OCH,), 2.14-2.01 (m, 1H, CH,a), 1.79-1.66 (m, 1H, CH,b), 1.45-1.23 (m, 4H, CH,x2), 0.88 (t, J = 7.2 Hz, 3H, CH,); *C NMR
(100 MHz, DMSO-d;) 4: 170.27, 160.04, 149.56, 138.90, 138.60, 132.88, 130.63, 130.18, 127.64, 126.56, 123.32, 122.62, 119.75, 114.26,

112.23, 81.59, 55.51, 33.98, 26.95, 22.36, 14.27; ESI-MS for C,,H,,0,: m/z 322.92 [M+H]".

H NMR (400 MHz, DMSO-d,) 3: 7.99 (s, 1H, Ar-H), 7.97 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.65 (d, J = 8.0 Hz, 1H, Ar-H), 7.58 (d, J = 8.8
Hz, 2H, Ar-H), 7.40 (d, J = 16.4 Hz, 1H, =CH), 7.24 (d, J = 16.4 Hz, 1H, =CH), 6.97 (d, J = 8.8 Hz, 2H, Ar-H), 5.63 (dd, J = 8.0, 4.0 Hz,
1H, CH), 3.79 (s, 3H, Ar-OCH,), 2.14-2.00 (m, 1H, CH,a), 1.78-1.63 (m, 1H, CH,b), 1.42-1.23 (m, 4H, CH,x2), 0.87 (t, J = 7.2 Hz, 3H,
CH.); ®C NMR (100 MHz, DMSO-d,) J: 170.34, 159.73, 149.08, 139.34, 132.60, 130.37, 129.76, 128.54, 126.52, 124.99, 123.25, 122.17,
114.65, 81.57, 55.61, 34.00, 26.94, 22.36, 14.27; ESI-MS for C,,H,,0,: m/z 323.16 [M+H]".

'H NMR (400 MHz, DMSO-d,) 8: 7.99 (s, 1H, Ar-H), 7.96 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.65 (d, J = 8.0 Hz, 1H, Ar-H), 7.38 (d, J =
16.4 Hz, 1H, =CH), 7.32-7.26 (m, 2H), 7.15 (dd, J = 8.4, 2.0 Hz, 1H, Ar-H), 6.97 (d, J = 8.4 Hz, 1H, Ar-H), 5.62 (dd, J = 8.0, 4.0 Hz, 1H,
CH), 3.84 (s, 3H, Ar-OCH,), 3.78 (s, 3H, Ar-OCH,), 2.12-2.00 (m, 1H, CH,a), 1.76-1.64 (m, 1H, CH,b), 1.44-1.22 (m, 4H, CH,x2), 0.87
(t, J = 7.2 Hz, 3H, CH,); ®C NMR (100 MHz, DMSO-d,) 5: 170.34, 149.51, 149.37, 149.05, 139.35, 132.53, 130.72, 130.05, 126.53,
125.12, 123.24, 122.12, 120.78, 112.09, 109.74, 81.58, 55.90, 34.04, 26.99, 22.36, 14.25; ESI-MS for C,,H,,0,: m/z 353.10 [M+H]*.

'H NMR (400 MHz, DMSO-d,) §: 8.04 (s, 1H, Ar-H), 8.00 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.67 (d, J = 8.0 Hz, 1H, Ar-H), 7.44 (d, J =
16.4 Hz, 1H, =CH), 7.38 (d, J = 16.4 Hz, 1H, =CH), 6.83 (d, J = 2.4 Hz, 2H, Ar-H), 6.46 (t, J = 2.4 Hz, 1H, Ar-H), 5.64 (dd, J = 8.0, 4.0
Hz, 1H, CH), 3.80 (s, 6H, Ar-OCH,), 2.13-2.01 (m, 1H, CH,a), 1.78-1.64 (m, 1H, CH,b), 1.45-1.21 (m, 4H, CH,x2), 0.88 (t, J = 7.2 Hz,
3H, CH,); C NMR (100 MHz, DMS0-d,) &: 170.26, 161.12, 149.56, 139.15, 138.85, 132.84, 130.70, 127.84, 126.56, 123.27, 122.63,
105.17, 100.62, 81.59, 55.63, 34.02, 26.99, 22.36, 14.24; ESI-MS for C,,H,,0,: m/z 353.23 [M+H]*; HR-MS (ESI*) [M+H]*: m/z Calcd.
for C,,H,,0,: 353.174 7; Found: 353.174 5.

'H NMR (400 MHz, DMSO-d,) 8: 8.02 (s, 1H, Ar-H), 7.97 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.68 (d, J = 8.0 Hz, 1H, Ar-H), 7.40 (s, 2H,
Ar-H), 6.99 (s, 2H, =CHx2), 5.64 (dd, J = 8.0, 4.0 Hz, 1H, CH), 3.84 (s, 6H, Ar-OCH,), 3.69 (s, 3H, A-OCH,), 2.12-2.01 (m, 1H, CH,a),
1.76-1.65 (m, 1H, CH,b), 1.43-1.22 (m, 4H, CH,x2), 0.87 (t, J = 7.2 Hz, 3H, CH,); *C NMR (100 MHz, DMSO-d,) 8: 170.28, 153.52,
149.32, 139.09, 138.06, 132.87, 132.68, 130.85, 126.65, 126.57, 123.31, 122.30, 104.56, 81.60, 60.52, 56.28, 34.03, 26.99, 22.36, 14.24;
ESI-MS for C,,H,;0,: m/z 383.06 [M+H]*; HR-MS (ESI*) [M+Na]*: m/z Calcd. for C,,H,,O,: 405.167 2; Found: 405.167 0.

H NMR (400 MHz, DMSO-d,) 8: 8.04 (s, 1H, Ar-H), 8.01 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.71-7.65 (m, 3H, Ar-H), 7.48 (d, J = 16.4 Hz,
1H, =CH), 7.38 (d, J = 16.4 Hz, 1H, =CH), 7.17 (d, J = 8.8 Hz, Ar-H), 5.65 (dd, J = 7.6, 3.6 Hz, 1H, CH), 2.29 (s, 3H, COCH,), 2.14-2.02
(m, 1H, CH,a), 1.78-1.66 (m, 1H, CH,b), 1.43-1.23 (m, 4H, CH,x2), 0.88 (t, J = 7.2 Hz, 3H, CH,); *C NMR (100 MHz, DMSO0-d;) &:
170.28, 169.64, 150.64, 149.58, 138.90, 134.87, 132.92, 129.79, 128.14, 127.49, 126.57, 123.35, 122.64, 81.60, 33.97, 26.92, 22.36, 21.33,
14.27; ESI-MS for C,,H,,0,: m/z 351.09 [M+H]".
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Continued

Compd. 'H NMR, C NMR, ESI-MS

10k *H NMR (400 MHz, DMSO-d,) &: 8.05 (s, 1H, Ar-H), 8.00 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.69 (d, J = 8.0 Hz, 1H, Ar-H), 7.55-7.40 (m,
5H), 7.17-7.09 (m, 1H, Ar-H), 5.65 (dd, J = 8.0, 4.0 Hz, 1H, CH), 2.13-2.01 (m, 1H, CH,a), 1.77-1.65 (M, 1H, CH,b), 1.43-1.20 (m, 4H,
CH,x2), 0.87 (t, J = 7.2 Hz, 3H, CH.); ®C NMR (100 MHz, DMSO-d,) 3:170.21, 163.05 (J... = 241.9 Hz), 149.84, 139.86 (J., = 7.8 Hz),
138.57, 133.06, 131.07 (J.., = 8.6 Hz), 129.45 (J. = 2.7 Hz), 128.92, 126.58, 123.60 (J.. = 2.7 Hz), 123.37, 122.76, 115.09 (Jo = 21.1
Hz), 113.14 (J., = 21.8 Hz), 81.61, 33.96, 26.93, 22.35, 14.25; ESI-MS for C,H,;FO,: m/z 310.9 [M+H]".

10l 'H NMR (400 MHz, DMSO-d,) 8: 8.03 (s, 1H, Ar-H), 7.99 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.73-7.64 (m, 3H, Ar-H), 7.47 (d, J = 16.4 Hz,
1H, =CH), 7.35 (d, J = 16.4 Hz, 1H, =CH), 7.29-7.20 (m, 2H, Ar-H), 5.64 (dd, J = 7.6, 4.0 Hz, 1H, CH), 2.14-2.01 (m, 1H, CH,a), 1.78-
1.64 (m, 1H, CH,b), 1.43-1.22 (m, 4H, CH,x2), 0.87 (t, J = 7.2 Hz, 3H, CH,); *C NMR (100 MHz, DMSO-d,) 5: 170.26, 162.34 (J.. =
244.1 Hz), 149.50, 138.88, 133.75 (J. = 3.0 Hz), 132.85, 129.52, 129.06 (J., = 8.0 Hz), 127.23 (J., = 2.4 Hz), 126.55, 122.90 (J., =
77.2 Hz), 116.18, 115.97, 81.58, 33.99, 26.93, 22.35, 14.23; ESI-MS for C,H,,FO,: m/z 310.9 [M+H]".

10m *H NMR (400 MHz, DMSO-d,) &: 8.05 (s, 1H, Ar-H), 8.00 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.73 (t, J = 1.6 Hz, 1H, Ar-H), 7.69 (d, J = 8.0
Hz, 1H, Ar-H), 7.59 (d, J = 7.6 Hz, 1H, Ar-H), 7.51 (d, J = 16.4 Hz, 1H, =CH), 7.48-7.39 (m, 2H), 7.38-7.32 (m, 1H, Ar-H), 5.65 (dd,
J=76,4.0Hz, 1H, CH), 2.14-2.01 (m, 1H, CH,a), 1.77-1.65 (m, 1H, CH,b), 1.44-1.22 (m, 4H, CH,x2), 0.87 (t, J = 7.2 Hz, 3H, CH,);
C NMR (100 MHz, DMSO-d,) J: 170.21, 149.86, 139.50, 138.56, 134.07, 133.08, 130.97, 129.15, 129.04, 128.08, 126.57, 125.87,
123.36, 122.80, 81.60, 33.97, 26.94, 22.36, 14.26; ESI-MS for C,,H,,Cl0,: m/z 326.8 [M+H]".

10n  *H NMR (400 MHz, DMSO-d,) &: 8.05 (s, 1H, Ar-H), 8.00 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.72-7.63 (m, 3H, Ar-H), 7.51-7.38 (m, 4H,
Ar-H), 5.65 (dd, J = 8.0, 4.0 Hz, 1H, CH), 2.13-2.01 (m , 1H, CH,a), 1.77-1.64 (m, 1H, CH,b), 1.43-1.23 (m, 4H, CH,x2), 0.87 (t, J =
7.2 Hz, 3H, CH,); **C NMR (100 MHz, DMSO-d,) &: 170.23, 149.69, 138.69, 136.11, 132.99, 132.80, 129.35, 129.18, 128.77, 128.18,
126.57, 123.31, 122.69, 81.60, 33.98, 26.95, 22.36, 14.26; ESI-MS for C,,H,,ClO,: m/z 326.9 [M+H]".

100 *H NMR (400 MHz, DMSO-d,) &: 8.24 (d, J = 8.8 Hz, 2H, Ar-H), 8.11 (s, 1H, Ar-H), 8.05 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.87 (d, J =
8.8 Hz, 2H, Ar-H), 7.71 (d, J = 8.0 Hz, 1H, Ar-H), 7.66 (d, J = 16.4 Hz, 1H, =CH), 7.61 (d, J = 16.4 Hz, 1H, =CH), 5.65 (dd, J = 8.0, 4.0
Hz, 1H, CH), 2.13-2.01 (m, 1H, CH,a), 1.76-1.64 (m, 1H, CH,b), 1.43-1.22 (m, 4H, CH,x2), 0.86 (t, J = 7.2 Hz, 3H, CH,); *C NMR
(100 MHz, DMSO-d,) &: 170.10, 150.40, 146.81, 144.03, 138.13, 133.44, 132.01, 128.55, 127.94, 126.63, 124.45, 123.44, 123.27, 81.64,
33.93, 26.98, 22.35, 14.24; ESI-MS for C,,H,,NO,: m/z 337.9 [M+H]".

10p  *H NMR (400 MHz, DMSO-d,) &: 8.11 (s, 1H, Ar-H), 8.05 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.85 (d, J = 8.4 Hz, 2H, Ar-H), 7.76 (d, J =
8.4 Hz, 2H, Ar-H), 7.71 (d, J = 8.0 Hz, 1H, Ar-H), 7.58 (s, 2H, =CHx2), 5.66 (dd, J = 8.0, 4.0 Hz, 1H, CH), 2.14-2.02 (m, 1H, CH,a),
1.77-1.65 (m, 1H, CH,b), 1.44-1.22 (m, 4H, CH,x2), 0.87 (t, J = 7.2 Hz, 3H, CH,); *C NMR (100 MHz, DMSO-d,) 5 170.17, 150.07,
141.27, 138.38, 133.22, 130.20, 129.11, 128.32 (J = 31.6 Hz), 127.63, 126.60, 126.02 (Jo, = 3.9 Hz), 124.74 (J, = 269.8 Hz), 123.37,
123.03, 81.60, 33.96, 26.95, 22.34, 14.21; ESI-MS for C,,H,F,0,: m/z 360.9 [M+H]".

1la  *H NMR (400 MHz, DMSO-d,) o: 9.48 (s, 1H, Ar-OH), 8.04 (s, 1H, Ar-H), 8.01 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.66 (d, J = 8.0 Hz, 1H,
Ar-H), 7.37 (d, J = 16.4 Hz, 1H, =CH), 7.30 (d, J = 16.4 Hz, 1H, =CH), 7.19 (t, J = 8.0 Hz, 1H, Ar-H), 7.07 (d, J = 8.0 Hz, 1H, Ar-H),
7.02 (t, J = 2.0 Hz, 1H, Ar-H), 6.72 (dd, J = 8.0, 2.0 Hz, 1H, Ar-H), 5.64 (dd, J = 8.0, 4.0 Hz, 1H, CH), 2.14-2.00 (m, 1H, CH,a), 1.78-
1.64 (m, 1H, CH,b), 1.44-1.21 (m, 4H, CH,x2), 0.87 (t, J = 7.2 Hz, 3H, CH,); **C NMR (100 MHz, DMSO-d,) 5: 170.28, 158.13, 149.46,
138.95, 138.46, 132.85, 130.93, 130.10, 127.12, 126.54, 123.22, 122.65, 118.18, 115.72, 113.81, 81.56, 34.01, 26.94, 22.36, 14.25;
ESI-MS for C,oH,,05: m/z 309.04 [M+H]".

11b  *H NMR (400 MHz, DMSO-d,) &: 9.68 (s, 1H, Ar-OH), 8.00-7.92 (m, 2H, Ar-H), 7.64 (d, J = 8.0 Hz, 1H, Ar-H), 7.47 (d, J = 8.8 Hz, 2H,
Ar-H), 7.35 (d, J = 16.4 Hz, 1H, =CH), 7.17 (d, J = 16.4 Hz, 1H, =CH), 6.80 (d, J = 8.8 Hz, 2H, Ar-H), 5.63 (dd, J = 7.6, 4.0 Hz, 1H, CH),
2.13-2.01 (M, 1H, CH,a), 1.77-1.64 (m, 1H, CH,b), 1.43-1.23 (M, 4H, CH,x2), 0.87 (t, J = 7.2 Hz, 3H, CH,); ¥C NMR (100 MHz,
DMSO-d,) 6: 170.37, 158.16, 148.88, 139.51, 132.47, 130.77, 128.66, 128.18, 126.50, 123.97, 123.20, 122.02, 116.06, 81.56, 34.03,
26.94, 22.37, 14.27; ESI-MS for C,,H,,0,: m/z 309.23 [M+H]".

11c  H NMR (400 MHz, DMSO-d,) 3: 9.19 (s, 1H, Ar-OH), 8.99 (s, 1H, Ar-OH), 7.98-7.92 (m, 2H, Ar-H), 7.62 (d, J = 8.0 Hz, 1H, Ar-H),
7.26 (d, J = 16.4 Hz, 1H, =CH), 7.07 (d, J = 16.4 Hz, 1H, =CH), 6.92 (dd, J = 8.4, 2.0 Hz, 1H, Ar-H), 6.76 (d, J = 8.4 Hz, 1H, Ar-H),
5.62 (dd, J = 7.6, 4.0 Hz, 1H, CH), 2.12-2.00 (m, 1H, CH,a), 1.76-1.64 (m, 1H, CH,b), 1.44-1.20 (m, 4H, CH,x2), 0.87 (t, J = 7.2 Hz,
3H, CH,); ®C NMR (100 MHz, DMSO-d,) 5: 170.38, 148.84, 146.49, 145.91, 139.52, 132.48, 131.17, 128.75, 126.48, 123.88, 123.17,
122.06, 119.45, 116.17, 114.05, 81.54, 34.02, 26.92, 22.36, 14.27; ESI-MS for C,H,,0,: m/z 325.39 [M+H]".

11d  *H NMR (400 MHz, DMSO-d,) &: 9.30 (s, 2H, Ar-OH), 8.02 (s, 1H, Ar-H), 8.00 (dd, J = 8.0, 1.6 Hz, 1H, Ar-H), 7.65 (d, J = 8.0 Hz, 1H,
Ar-H), 7.27 (d, J = 16.4 Hz, 1H, =CH), 7.19 (d, J = 16.4 Hz, 1H, =CH), 6.49 (d, J = 2.0 Hz, 2H, Ar-H), 6.20 (t, J = 2.0 Hz, 1H, Ar-H),
5.64 (dd, J = 7.6, 3.6 Hz, 1H, CH), 2.13-2.01 (m, 1H, CH,a), 1.77-1.65 (m, 1H, CH,b), 1.44-1.20 (m, 4H, CH,x2), 0.87 (t, J = 7.2 Hz,
3H, CH.); *C NMR (100 MHz, DMSO-d,) 6: 170.29, 159.04, 149.40, 138.97, 138.88, 132.84, 131.29, 126.84, 126.51, 123.19, 122.66,
105.44, 103.21, 81.55, 34.00, 26.92, 22.36, 14.25; ESI-MS for C,H,,0,: m/z 325.16 [M+H]".
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3 N

ARICR 25 3 A9 R B 32 S WA T Rk
ITHEEE, AT AT 20 AT KRR &Y,
Hbr 1k & %4 'H NMR. 3C NMR.ESI-MS #ilF . £
OGD/R BB 5 K6l H b5 A4 G 7 44 22 240 Jfa OR 47
PE, S R RA R ZHANEMIEA RIFIHE A RY
wE M, Hod k&4 10h A1 10i 7£0.1 pmol - L. 1 umol - L
NIRRT, B TS A A
W DA S PR 25T 2RIk, S5 RO LR R, 1% &

FIAL A )R] BE B I S PISK/AKL I i s B4 28 41 Hig
TRYENE . VPR R R FIE N 1 pmol - L
(F4), B 7 =5 AR50, 75 B AR A0 AR 5] N
AR A 2= I &Y R iE M (10a > 11a > 10b >
10d > 10n > 10Kk), 4 5] A 5 4] 4 W i BE AT, x5 46
B IR P AR P 0 D WX A o AR B Dy PR 4
1M 5, A BRI EE S 138, A6 A s M B
5% (10d = 10e > 10f > 10g > 10h > 10i), J 1k &4 10i
I L i 5 A 4T B PR 4P % (81.75 % 1.07 pmol - LY.

Table 3 Neuroprotective effects of target compounds against OGD/R-induced neurotoxicity in rat cortical neurons. "P<0.05, ""P<0.01 vs

OGD/R; ¥P<0.05, #P<0.01 vs NBP; #P<0.05, ##P<0.01 vs resveratrol

Compd.

Survival rate + SD

OGD/R 0.1 pmol - L* 1 pumol - L* 10 umol - L*
NBP 58.87 £ 1.44 64.63 +2.13™ 7212 +1.527 87.17 +1.24™
Resveratrol 58.76 + 1.59 63.22 +2.33" 67.44 +2.41™ 79.86 + 1.93™
10a 60.00 = 1.03 64.53 +0.78™ 7238+ 152744 85.15+1.83"44
10b 59.03 +1.77 62.77 £ 2.45™ 67.62 + 1.59™# 79.59 + 1.05™#
10c 59.67 +1.88 63.04 + 1.45™ 69.68 + 1.37" 79.84 + 1.45™#
10d 58.57 +1.01 59.50 + 0.98%44 64.64 +1.22"% 66.96 + 1.417#44
10e 58.19 + 1.06 59.61 + 1.22%~ 64.64 + 0.81™" 66.90 + 0.64™ 44
10f 59.77 £ 2.63 60.83 + 2.70% 65.54 + 2.30™* 68.49 + 240744
109 58.60 + 2.89 65.42 +0.95™ 72.07 £2.70"44 86.36 £ 2.14744
10h 59.62 + 0.55 68.59 + 1.16™#4~4 79.64 + 1.84™ AL 85.64 +0.90"4~
10i 58.59 + 1.03 72.83 £ 1.647 A4 81.75 + 1.077##4~4 88.34 +1.34744
10j 58.77 £ 2.31 67.61 +1.43744 75.36 + 2,584 4 81.99 + 2,69
10k 59.11+1.30 60.14 + 1.17%* 61.73 £ 22544 63.41 + 177744
101 59.77 £ 2.03 61.45 + 2.24% 62.44 + 22200 63.26 + 2,84 A4
10m 58.75 £ 0.76 59.32 + 1.48"~4 62.37 +2.367##A4 64.91 + 1.717#A4
10n 60.72 £ 1.63 62.13 £ 2.01 63.33 +£1.89%~4 64.62 + 1.837#44
100 58.30 £ 1.81 59.84 + 0.68*~ 62.74 + 1,954 4 64.94 + 1,684 4
10p 57.90 £ 1.00 67.60 £ 1.6574~ 7379 £1.14745 79.51 + 1.46™#
1lla 59.56 + 1.47 66.76 £ 0.51"~ 72.01+£1.33744 79.99 + 1.88™#
11b 59.00 + 0.69 61.91+0.96 68.82 +1.37" 77.72 £ 1.76™%
11c 58.36 + 1.30 61.50 + 1.96" 69.72 £ 2.10™ 78.29 +1.32™#
11d 58.68 + 1.10 62.30 £ 0.94™ 69.40+1.71" 77.64 032"

A 10h / pmol-L* 10i / pmol-L!
Control  OGDR g5 1 10 0.1 I 10 EDs
Total Akt — 60

Figure 3  Effect of different compounds on the phosphorylation levels of Akt and Akt expressions. A: The phosphorylation levels of Akt
and Akt expressions were measured with Western blot assay; B, C: Results were mean + SD for two individual experiments which, for each
condition, were performed in triplicate. "P<0.05, "P<0.01,
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Neuroprotective effects of target compounds at the

AW FTEE ROyt — DO B 2 - T IR S AT
AR 2 ML OR3P 4R (AR AR

LI ER S

W EhY)  SPF 2L SD KA, 10 H ZRIEERK
LSS L, B FEAIE ST SCXK () 2017-001.
BN S0 AR 48 42 R SR BOR 2 5 2 R A (5
IS W B AR AT, B e B R 2 KA SR BN )
W2 Gy oAbt .

K7 RZILEE  Thermo Scientific MSQ Plus ¥ i B¢
FH 5 8% 4%, Agilent 6120 Quadrupole ¥ J5 B¢ ] Jifi i 1%,
Bruker 400 MHz j# ‘3 #% fi} 3t #% 1 (DMSO-d, 1y ¥ 71,
TMS 4 A F7); WRS-1B % 5 4 w5 A (it R % Ry
ACES A PR~ =], W R AR IE); B R o 8 o
afi; KOk B IR BN S S AR A R A
H A . JCBE EBSS 15 9% % (Gibco, Grand Island, NY,
USA); 7 % % (Sigma-Aldrich, St. Louis, MO); 5 % &
(Sigma-Aldrich, St. Louis, MO); & & 1 fif (Gibco,
Grand Island, NY, USA); Jii 4 IfiL i (Hyclone, Logan,
UT, USA); D-Hank's ¥ (Sigma-Aldrich, St. Louis, MO);
Anti-phos-Akt antibody, Anti-Akt antibody, Anti-A-actin
antibody (CST, Boston, USA); PVDF fiX (0.45 um)
(Millipore, Schwalbach, Germany); il %% & 1 Marker
(MBI Fermentas, Vilnius, Lithuania); & (A2 # % (34 =
RAEDEARTGT, Fifg).
1 EMERK
11 KZHEMERMN2a) 7E— RS, A
HE = R LR AL (6.73 g, 18.85 mmol). & JE4H (0.74 g,
18.85 mmol) AIJG /K PYZ R (20 mL), B ARYT, =i

S % 0.5 h. HUZK FEEE (2.0 g, 18.85 mmol) ¥ T /K Y
SR (10 mL), VKIB T 218 N R SR 0 e B
Ja kB B4 h, TLC [V (A i)V (41 4 18)=20:1
RFETFAN] Whom I BB AR T8 4x o g NI DE, TR
PR R 4, 4k AT o B A5 T8 B IR P 1.5 g, W
76.40%.

FAUTT A AL A 2b~2p.
1.2 NN-ZZEH-2-BRERPERNER 4) E—
(] JEC 8 0, o N AR R JE 2K FE S (10.0 g, 66.6 mmol).
SALTEAR (25 mL) AT %2 (20 mL), 80 'C R % 4 h, &
R4, 13k AR Y, &M . 75— BRI+, i
AN (195 g, 266.4 mmol) Al — & FF k¢ (80 mL),
W i 13 1 Bk &0 T =& ke (30 mL), VKB A 4
18 N S SLIR R, i I0 58 FE T k8 N5 h, TLC [V (A
KV (R Z8)=2:1 4 B IT 7] B 7m | B 9k A 58
A A ORI & BE (100 mL) B R, 48K
(2% 100 mL).0.5 mol- L1 £5 & (100 mL) . 1 A s S0
K (100 mL) AU A S A 4 /K 7 W (100 mL)
B, oK BRER AN T8, U8, SRR IR 4, S RERAE 7
BAFR E IR 12.0 g, 1K 87.78 %.
13 NN-ZZE-2-(1-BXE) RO EK (5)
TE—F 1M =30+, IAEEE (2.13 g, 87.69 mmol).
fllt (2°F0) FTC/K DU (40 mL), BAARS . BURAIE
T %% (12.0 g, 87.69 mmol) % T T /K PU S RN (40 mL),
GBI, E IR R, TR NI A
60 C, W N5E S5 50 °C T 4k4z R ML L h, K B A
A N-20 CHEIE . HUNN-— £ FE-2- HI L
L2 F i (12.0 g, 58.46 mmol) ¥ T 6 7K U S Wk i
(40 mL), Ze A% i A A A T 0 58 B S B R R,
TLC [V (f1 i EF):V (LR 4 HR)=2: 1 A B I B
RN HE A TE A o ) RSV R 3 0 AN A K T TR
(80 mL), ¥ N 5¢ B J5 K e B ek s IR 4, 4 R T
(3x 60 mL) A= HL, & H A LA, M A S Ak 8 K i
(100 mL) ek, JooK i BE 88 T 452, 1k 8, B R IR TR 4
R EMRY), BERNT B R M.
1.4 3-TE-BERHMKIE-1CH)-BIREK 6) £ H
JEBEN A, I N, N- 2, 36-2-(1- 538 0 58 2 H i (kL
i) 6 F R R — 7K &4 (11.12 g, 58.46 mmol) Fl
7% (50 mL), 80 C N M1 h, TLC [V (f1 k) :V (4.1
LR)=10: 1A R FFFI] Bon R BHEATE A . 1) R TR
I 18 £l (100 mL) FiE, 287K (2x100 mL) it
GBI (100 mL) Pk, Jo/KBREREN T, i JE,
PEVRR AR 4, ARk R 2 AR B k) 8.67 g
15 3-TE-6-HERKHKE-13H)-EE A & K
(7)  E—BRFEE S, i 3-T -5 K IR -1(3H)-
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fifl (11.0 g, 57.82 mmol) F1¥K B ELR (50 mL), VK% 4% 1
TR, BURY R AP (6.43 g, 63.60 mmol) ¥ T ik i 2
(20 mL), 2218 N SR T 3 N 58 R S 4k 2R
2h, TLC [V (A ihEE):V (LR £.08)=10:1 N EIF 7] &
NN AR TE A o K N TR 2% 18 18] N UK K (200 mL)
W, 4 2R 1% (350 mL) REHL, & 34 MU, AA
7K IE W (100 mL) Beik, JC/K B R B 11, 1L UE, UE
TR TR AR A3 38 (IR, BN N — 0 ) M.
1.6 3-TE-6-FERKHKFE-1(3H)-EIHI & A (8)
TE— BB, TN 3-T 55-6-AiF 58 57 2K K- 1(3H)-
fid CHL &)~ 38 JE 68y (12.92 g, 231.28 mmol). & 1k 4%
(18.56 g, 346.92 mmol). Z (90 mL) F17K (10 mL),
80 ‘C N/x /¥4 h, TLC[V (& W ke):V (FFEE)=20:1K
JETFFI] o I B3 A 5 4 R BT 8, SETEE
LB BAR, A I IR, WEIRGR . IRAFBIMN &
H B2 (100 mL) #%FE, 487K (2x100 mL) A7 A &AL B
KW (100 mL) Peifk, To/KBRRRAA T8, i I8, 8
FE 4, R 7> B3 5 A E 44 9.0 g.
1.7 3-T &-6-R =X FRKIE-1(3H)- B #Y & B (9)
TE— BRI, M 3- T 622 57 K FF kAR -1(3H)-
fill (5.0 g, 24.36 mmol) 1 40% 5 ¥ 2 (30 mL). HLL
Tt B 44 (1.85 g, 26.8 mmol) ¥ T 7K (5 mL), vKi% T 2%
PN R R, PR ORI 0~5 °C, il N 5 B
k[ B 0.5 h, & . £ — BRI+, AR
4 (3.5 g, 24.36 mmol) F1 40% & IR % (80 mL), 75 C
TR, K A3 0 B RV VI ON R B 4k 2 R
2h, TLC [V (f1 i)V (L8 £.B8)=10: 1 N R FF5]
TN FHEAR TR A RO P 2R RS BN 4 WO 2
o, 4 2R 2 B8 (3x60 mL) FEHL, &I A HLM, MAA
LA K ¥ (100 mL) Peds, Jo K B B B T 4, I O,
TR R IR 4, S RE AL 4y A5 H A LE 4R 5.2 g, IER
79.31%.
1.8 (E)-3-T £-6-K & E F X FHRIE-1(3H)- A #Y
AR (10a)  7E—ERBEHE A, TN 3-T JE-6-75 7 oK
Ik 1 -1(3H) - (0.5 g, 1.86 mmol). 7 Z. 4% (0.3 g,
2.88 mmol). & FR AR (9.0 mg, 0.04 mmol). = (4B H 3 2K
55 1% (24.3 mg, 0.08 mmol). = Z. % (0.6 g, 5.93 mmol)
AN, N- - FF 3 B (20 mL), &SR, 100 °CF
N4 h, TLC [V (f1 i k). V (LR £ 1E)=10:1 N & I
A B R N AR TE AT o K OB B A = R, RN VKK
(100 mL) ', & 2. LB (3x50 mL) 28, & A Hl
M, WATEAL B K (100 mL) Peigk, To/K IR R84 T
15, S UE, BEWR R IR 48, SRR RS B, TooK 2 A
TR L E 14 0.42 g, U 77.23%, mp 96.8~99.6 C .
FAUTT VA AL A 10b~10p.

1.9 (BE)-3-TE-6-G-HEFRZHEE) FHERIFKME-1
(BH)-EH Y & A (11a) fE— B, A (E)-
3- T HE-6-(3- F A 0K £ 0 E) S 2K FE K I -1(3H) -
(1.0 g, 3.1 mmol) F1 =& H 4% (20 mL), -20 C % fF N 4%
83 0 = RAGI B = &R B (1 mol - LY, 12.4 mL),
TN oE B G R M 3 h, TLC [V (f1 )1V (LR Z
FE)=2:1 R HI] BoR R B AR e 4 o 5 =R 5)
AVKIK (100 mL) Hr, 22 — & H k8 (3x50 mL) 2 HL, &
FAHUAH, MRS K ISR (100 mL) Pk, To/K B
BTG, LU, SRR E IR, SRERHE B, LBEE S
fn e A fE 42 0.68 g, 0% 71.13%, mp 117.2~120.3 C.
FATT A LAY 11b~11d.

2 BfRCEMEDEEITN

21 KRAREEHETHERESF HSD KR
B (0~1K), &£ F %48 3L RIS 30 S VU B, A Sk 56 [
SE, W RE K S, TR IR R B I 2 B Sk
5fgig, FHIRBHSORE I AN, FONIK A
D-Hank's ¥ [ 35 5 5 77 LA, FH 86 147 48 340 125 fing 2H 21
2 TH I K 5, T D-Hank's i s & e i 41 41
FH AR B 43 730 B HOR SRR 5z 3 i A, F8 N BB %
FRMLAR, BYRE KW BZ J5E K BRI S 44, F I N i, B2 I
B E W AR g T AR S RE IR A,
RS, BT 37 CHEE/Km MG, IS A i
f 8% 97 2 138 4k, AR5 T 200 H 67 W9 68, 38 0
(800 r-min, 10 min), % LB, & &1 R R AT
DUUE, Hefp T 6 FLEE RIS 74, & 37 °C 5% CO, fi# 4
B

2.2 WEMIKERKEE#HE T HRERER AR
OB KBS 7 KA 41T k4 OGD/R
R, TS5 R, DA Ax 10 2 i 35 R e A T 48 FL
REFEM b . (2 5S4 1% FBS DL X S B A
24 DMEM 35 77 55, % B 7% 24 h J5 I 46 1) % OGDIR
BEAY 1 2N Ry 9% 6 BE e O R & R A BE S i
DMEM #7373, [A] I #4115 5% CO,.95% N,
SAREEFRR TR TR 2 h, S R E S TR B SR A e
FrAE TN 784 DMEM 8577 2k, [N 1R E T 5 F
5% CO,.20% O, 3% 7= #f 1 15 7% 24 h, ¢ i At 72, 7
BEEHAT4h, HFLIMAMTT W (5 mg-mL™) 20 pL.
1 E A E, 715 &S IS, FFLI A DMSO 150 plL,
Y1 IR % A R % 10 min, £ 45 S0 78 0 T AR e T
BRI 7E ODggoo I8 AL 15 B A AL XS REZH, T AS [R] 4 531
i B 2% o 5 TG A A7 26, 45 R mean £ SDJE R
For . Hdm A A Gt 7 22 7R H one-way ANOVA Al
Dunnett's ¥ 53%, P /N T 005 NN E B EHZR. A
o AEIE R =(SL 5604 OD {H /7S (1 X i 4H OD {i)x100% .
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2.3 Western blot 3236 iR 8 A 7724 h 5, 5
B3 NN 4 °C PBS, B R 3K, RIE ¥
PBS T /5 B T-UKT I, 7£ B A PMSF ] RIPA 2 f# 2%
M 27 30 min, ] BCA & (A 5 & W50 Sl 2
EEFRWKE . i 10%~15% (w/v) SDS-PAGE /) &
B AR5 R (B 4K0E 30 pg), 28 )5 # 5% 5 PVDF
JEF o BREAE S A 5% (wiv) IR FLA TBST H 76 % iR
N 2 h, 375 p-Akt (Ser 473) Akt M1 g-HILEh E A (8-
actin, 1:5000) 7£ 4 Cit & . I TBST ¥k 3Wa, ¥
JIEE 5 HRP 4% 4 1 1L 2£ 914 19G Pt (1:1 000) 7F = i
TWEE L h, 85 H TBST ¥k 31k FMFIRA L5
RAGREFABMBIR, BEEAH N T 5HEARR
o $zfih; 4% F Tanon 6600 & ' R G TAE S EAT A0, IF
{5 I Image Pro Plus 6.0 % #4555 )t % B A 2547 73 #r, 4%
Rl 2 H KT 5 N 2 18 p-actin/ AR BR AL 2 (A /K Pk
17 XF b, s B AR R IE AP R K
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