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Design, synthesis, and neuroprotective and anti-platelet aggregation
research of 3-n-butylphthalide derivatives

ZHANG Bin, LIU Wan-dong, LI Jia-ming’, JIN Fan, QIAN Shi-hu

(College of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012, China)

Abstract: Butylphthalide and ferulic acid exhibit excellent therapeutic effects in ischemic stroke. In this
research, twelve 3-n-butylphthalide derivatives were designed by molecular hybridization strategy. The target
compounds were obtained by nucleophilic substitution, reduction reaction, esterification reaction and elimination
reaction, 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
compounds with the best neuroprotective activity were biologically evaluated for their ability to inhibit platelet
aggregation induced by arachidonic acid (AA) and adenosine diphosphate (ADP) via the Bron method. The results
indicate that 7b exhibited potent neurocyte protective activity as well as prominent anti-platelet aggregation activity.
Compound 7b has potential to be developed as a drug for ischemic stroke.
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Figure 1 The design of 3-n-butylphthalide derivatives
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Table 1

Properties and spectral data of compounds 7a-7I

Compd.

mp/C Character

'H NMR, **C NMR, ESI-MS

7a

7b

7c

7d

Te

7f

g

7h

7i

7j

7K

71

86-88  White solid

96-98  White solid

91-92  White solid

140-142 White solid

154-156  White solid

70-72  White solid

68-70  White solid

97-99  White solid

105-106  White solid

109-111  White solid

146-148 White solid

193-194 White solid

'H NMR (400 MHz, DMSO-d,) 3 9.61 (s, 1H, Ar-H), 7.88-7.77 (m, 2H, Ar-H), 7.75-7.68 (m, 1H, =CH), 7.62 (t,
J=7.5Hz, 1H, Ar-H), 7.55 (d, J = 15.9 Hz, 1H, Ar-H), 7.33 (d, J = 2.0 Hz, 1H, Ar-H), 7.12 (dd, J = 8.2, 1.9 Hz,
1H, Ar-H), 6.79 (d, J = 8.1 Hz, 1H, =CH), 6.48 (d, J = 15.9 Hz, 1H, Ar-H), 5.73 (dd, J = 7.2, 3.8 Hz, 1H, OCH),
4.23-4.14 (m, 2H, CH,), 3.82 (s, 3H, CH.), 2.28-2.16 (m, 1H, CH,a), 1.84-1.64 (m, 3H, CH,b, CH,); C NMR
(101 MHz, DMSO-d,) 6 170.28, 167.42, 150.64, 150.40, 149.64, 145.16, 134.87, 129.75, 127.44, 125.74, 125.43,
123.29, 123.06, 115.80, 113.18, 111.22, 81.25, 68.25, 56.15, 51.75, 31.07, 24.72; ESI-MS (m/z): 366.93[M-H]
'H NMR (400 MHz, DMSO-d,) § 7.86 (m, 1H, Ar-H), 7.83-7.76 (m, 2H, Ar-H), 7.70 (m, 1H, =CH), 7.65-7.55
(m, 2H, Ar-H), 7.35 (d, J = 2.0 Hz, 1H, Ar-H), 7.23 (dd, J = 8.4, 2.0 Hz, 1H, Ar-H), 6.97 (d, J = 8.4 Hz, 1H, Ar-H),
6.56 (d, J = 15.9 Hz, 1H, =CH), 5.79-5.72 (m, 1H, OCH), 3.80 (s, 3H, CH.), 3.71 (s, 3H, CH,), 2.30-2.19 (m,
1H, CH,a), 1.92-1.73 (m, 3H, CH,b, CH,); ®C NMR (101 MHz, DMSO-d,) § 170.28, 167.42, 150.64, 150.40,
149.64, 145.16, 134.87, 129.75, 127.44, 125.74, 125.43, 123.29, 123.06, 115.80, 113.18, 111.22, 81.25, 68.25,
56.15, 51.75, 31.07, 24.72; ESI-MS (m/z): 350.99 [M+H]*. Purity (HPLC): 96.67%

'H NMR (400 MHz, CD,0D) & 7.89 (m, 1H, Ar-H), 7.79 (m, 1H, Ar-H), 7.67-7.55 (m, 4H, Ar-H), 6.86 (d, J =
8.1 Hz, 1H, Ar-H), 5.72 (dd, J = 7.3, 3.7 Hz, 1H, OCH), 4.41-4.27 (m, 2H, CH,), 3.91 (s, 3H, CH.), 2.37-2.28
(m, 1H, CH,a), 1.98-1.83 (m, 3H, CH,b, CH,); *C NMR (101 MHz, DMSO-d,) § 170.27, 166.03, 151.99,
150.37, 147.82, 134.86, 129.75, 125.75, 125.42, 123.91, 123.07, 121.04, 115.64, 113.00, 81.18, 64.22, 56.06,
31.02, 24.46; ESI-MS (m/z): 341.04 [M-H]"

'H NMR (400 MHz, DMSO-d,) § 7.86 (dd, J = 7.7, 1.9 Hz, 1H, Ar-H), 7.85-7.78 (m, 1H, Ar-H), 7.73-7.68 (m,
1H, Ar-H), 7.62 (m, 1H, Ar-H), 7.52 (d, J = 7.9 Hz, 1H, Ar-H), 6.96 (s, 1H, Ar-H), 6.83 (m, 1H, Ar-H), 5.81-5.75
(m, 1H, OCH), 4.14 (t, J = 5.9 Hz, 2H, CH,), 2.33 (s, 3H, CHy), 2.69-2.55 (M, 1H, CH,a), 2.04-1.76 (m, 3H,
CH,b, CH,); C NMR (101 MHz, DMSO-d,) & 170.27, 166.00, 162.42, 150.36, 134.86, 131.90, 129.75, 125.75,
125.42, 123.09, 120.83, 115.78, 114.88, 81.20, 67.79, 64.09, 31.03, 24.48; ESI-MS (m/z): 311.08 [M-H]

'H NMR (400 MHz, CD,OD) 6 7.89 (dt, J = 7.7, 1.9 Hz, 1H, Ar-H), 7.79 (td, J = 7.5, 1.9 Hz, 1H, Ar-H), 7.68-7.59
(M, 2H, Ar-H), 7.25 (d, J = 3.1 Hz, 1H, Ar-H), 6.9 (dd, J = 8.9, 3.1 Hz, 1H, Ar-H), 6.81 (d, J = 8.9 Hz, 1H, Ar-H),
5.72 (dd, J = 7.3, 3.7 Hz, 1H, OCH), 4.48-4.36 (m, 2H, CH.,), 2.40-2.29 (m, 1H, CH,a), 2.03-1.85 (m, 3H, CH,b,
CH,); ¥C NMR (101 MHz, DMSO-d,)  170.27, 166.03, 151.99, 150.37, 147.82, 134.86, 129.75, 125.75, 125.42,
123.91, 123.07, 121.04, 115.64, 113.00, 81.18, 64.22, 56.06, 31.02, 24.46; ESI-MS (m/z): 327.01 [M-H]"

'H NMR (400 MHz, CD,0D) & 7.89 (m, 1H, Ar-H), 7.78 (m, 1H, Ar-H), 7.66-7.58 (m, 2H, Ar-H), 7.31-7.22 (m,
2H, Ar-H), 6.94-6.87 (m, 3H, Ar-H), 5.70 (dd, J = 7.1, 4.0 Hz, 1H, OCH), 4.09-3.98 (m, 2H, CH,), 2.42-2.31 (m,
1H,CH,a), 2.02-1.82 (m, 3H, CH,b, CH,); *C NMR (101 MHz, DMSO-d,) §170.29, 158.95, 150.43, 134.86, 129.92,
129.74, 125.76, 125.42, 123.07, 120.95, 114.89, 81.29, 67.25, 31.12, 24.81; ESI-MS (m/z): 269.16 [M+H]*

IH NMR (400 MHz, CD,0D) 4 7.89 (m, 1H, Ar-H), 7.78 (m, 1H, Ar-H), 7.68-7.58 (m, 2H, Ar-H), 7.15 (t, J =
8.1 Hz, 1H, Ar-H), 6.53-6.45 (m, 3H, Ar-H), 5.70 (dd, J = 7.1, 4.0 Hz, 1H, OCH), 4.07-3.96 (m, 2H, CH,), 3.77
(s, 3H, CH,), 2.39-2.31 (m, 1H, CH,a), 1.98-1.82 (m, 3H, CH,b, CH,); ®C NMR (101 MHz, DMSO-d,)
170.29, 160.95, 160.23, 150.43, 134.86, 130.38, 129.74, 125.75, 125.42, 123.07, 107.03, 106.77, 101.18, 81.28,
67.38, 55.51, 31.13, 24.80; ESI-MS (m/z): 299.07 [M+H]*

H NMR (400 MHz, CD,0D) ¢ 8.02-7.95 (m, 2H, Ar-H), 7.89 (m, 1H, Ar-H), 7.79 (m, 1H, Ar-H), 7.70-7.58 (m,
2H, Ar-H), 7.04-6.98 (m, 2H, Ar-H), 5.72 (dd, J = 7.2, 3.8 Hz, 1H, OCH), 4.18-4.11 (m, 2H, CH,), 2.57 (s, 3H,
CH,), 2.43-2.34 (m, 1H, CH,a), 2.02-1.90 (m, 3H, CH,b, CH.,); *C NMR (101 MHz, DMSO-d,) d 196.70,
170.27, 162.83, 150.39, 134.87, 130.93, 130.33, 129.76, 125.74, 125.43, 123.07, 114.71, 81.23, 67.80, 31.00,
26.85, 24.68; ESI-MS (m/z): 311.17 [M+H]*

H NMR (400 MHz, DMSO-d,) § 7.94 (d, J = 7.6 Hz, 1H, Ar-H), 7.76-7.63 (m, 2H, Ar-H), 7.57 (t, J = 7.5 Hz,
1H, Ar-H), 7.47 (d, J = 7.6 Hz, 1H, Ar-H), 6.87-6.79 (m, 1H, Ar-H), 6.74 (s, 1H, Ar-H), 5.60 (dd, J = 7.6, 3.7 Hz,
1H, OCH), 4.23-4.05 (m, 2H, CH,), 2.62 (s, 3H, CH,), 2.34-2.31 (m, 4H, CH,, CH,a), 2.14-1.92 (m, 3H, CH,b,
CH,); ¥C NMR (101 MHz, DMSO-dj) & 198.33, 170.27, 158.55, 150.38, 145.05, 134.90, 130.21, 129.77, 125.76,
125.47, 125.44, 123.01, 121.59, 114.07, 81.18, 68.12, 32.27, 31.18, 24.70, 21.80; ESI-MS (m/z): 325.14 [M+H]*
IH NMR (400 MHz, CDCL,) § 7.95 (m, 1H, Ar-H), 7.84 (d, J = 8.8 Hz, 1H, Ar-H), 7.72 (m, 1H, Ar-H), 7.58 (m,
1H, Ar-H), 7.47 (m, 1H, Ar-H), 6.55 (dd, J = 8.8, 2.3 Hz, 1H, Ar-H), 6.43 (d, J = 2.2 Hz, 1H, Ar-H), 5.60 (dd, J =
7.6,3.7 Hz, 1H, OCH), 4.21-4.03 (m, 2H, CH,), 3.87 (s, 3H, CH,), 2.61 (s, 3H, CH,), 2.47-2.34 (m, 1H, CH,a),
2.17-1.96 (M, 3H, CH,b, CH,); **C NMR (101 MHz, DMSO-d,) 4 196.65, 170.27, 164.66, 160.60, 150.37,
134.89, 132.26, 129.77, 125.76, 125.45, 123.01, 120.83, 106.43, 99.42, 81.15, 68.30, 56.06, 32.29, 31.20, 24.60;
ESI-MS (m/z): 341.11 [M+H]*

H NMR (400 MHz, CDCL,) § 7.95 (d, J = 7.6 Hz, 1H, Ar-H), 7.72 (m, 1H, Ar-H), 7.66 (d, J = 9.5 Hz, 1H, Ar-H),
757 (t, 3 = 7.5 Hz, 1H, Ar-H), 7.51 (d, J = 7.7 Hz, 1H, Ar-H), 7.39 (d, J = 8.6 Hz, 1H, Ar-H), 6.92-6.77 (m, 2H,
Ar-H), 6.28 (d, J = 9.4 Hz, 1H, Ar-H), 5.60 (dd, J = 7.8, 3.7 Hz, 1H, OCH), 4.18-4.02 (m, 2H, CH,), 2.36 (m,
1H, CH,a), 2.14-1.90 (m, 3H, CH,b, CH,); ®C NMR (101 MHz, DMSO-d,) § 170.27, 162.14, 160.73, 155.84,
150.38, 144.76, 134.87, 129.93, 129.76, 125.74, 125.43, 123.07, 113.14, 112.92, 112.81, 101.65, 81.20, 68.23,
31.00, 24.60; ESI-MS (m/z): 337.17 [M+H]*

'H NMR (400 MHz, CD,0D) § 7.93-7.90 (m, 1H, Ar-H), 7.90-7.88 (m, 1H, Ar-H), 7.79 (m, 1H, Ar-H), 7.68-7.56
(m, 3H, Ar-H), 6.90 (dd, J = 8.7, 2.4 Hz, 1H, Ar-H), 6.85 (d, J = 2.4 Hz, 1H, Ar-H), 6.45 (d, J = 9.4 Hz, 1H, Ar-H),
5.73 (dd, J = 7.1, 3.7 Hz, 1H, OCH), 4.20-4.09 (m, 2H, CH,), 2.45-2.33 (m, 1H, CH,a), 2.07-1.88 (m, 3H, CH,b,
CH,); ®C NMR (101 MHz, DMSO-dj) & 170.28, 162.69, 160.75, 150.38, 141.09, 140.45, 134.87, 129.75, 129.70,
125.74, 125.42, 123.08, 119.02, 113.81, 111.24, 99.09, 81.28, 67.69, 31.04, 24.75; ESI-MS (m/z): 336.20 [M+H]*
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Scheme 1  Synthetic route of target compounds. Reagents and conditions: a: DCM, DMF, (COCI),, 20 ‘C; DCM, 0 ‘C, Et,N; b: t-BuLi,
gamma-butyrolactone, THF, -78 ‘C, 1 h; c: NaBH,, MeOH, r.t., 12 h; d: TsOH, toluene, reflux, 24 h; e: Triethylamine, 4-dimethylamino

pyridine, dichloromethane, r.t., 12 h; f: K,CO,, KI, CH,CN, 50 'C, 8 h

Table 2
OGD/R-induced neurotoxicity in rat cortical neurons. NBP: 3-n-
Butylphthalide. "P<0.01 vs Model; ¥P<0.05, #P<0.01 vs NBP

Survival rate + SD/%

Neuroprotective effects of target compounds against

Compd.
omp Model 0.1 umol-L* 1 umol-L* 10 pmol-L*
NBP  59.18+0.92 67.66 +2.53" 73.89+1.75" 87.72+2.00"
7a 57.41+0.99 63.28+1.73" 75.16+1.60" 86.56+2.91"

7b 59.14 £ 1.27 72.81 +1.43™* 81.78 +0.90"* 88.33+1.75™
7c 59.74 £1.00 65.37 £1.30" 70.82+1.35" 78.90+2.15"
7d 58.64 +1.59 60.65 + 1.36 64.55+3.30" 70.95+ 1.54™
Te 58.10+1.25 70.14 +2.32"% 81.36 + 2.11"* 91.60 + 2.22"*

7f 60.06 +0.50 61.53+2.16  68.87+1.01" 73.17+3.13"
7q 59.17+1.22 59.43+238  63.97+2.79" 67.40+1.83"
7h 58.44 +1.37 67.65+0.97" 76.67+1.44" 82.93+0.43"
7i 58.09+0.89 64.03+2.21" 71.68+2.89" 79.23+0.82"
7j 5756 +1.24 59.84+234  65.11+2.34" 67.26+1.30"
7K 57.25+1.95 67.14+3.73" 74.05+2.00" 79.06 +1.47"
71 59.73+1.31 61.44+1.74  67.77+258" 7527 +2.94"

Table 3 In vitro anti-platelet aggregation activities of the target
compounds. AA: Arachidonic acid; ADP: Adenosine diphosphate
IC,,/mmol-L™*
compd. AA ADP
b 0.110 0.301
Te 0.398 0.573
Aspirin 0.056 0.890
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Figure 2  Neuroprotective effects of target compounds at the

dose 1 umol-L*. #P<0.01 vs NBP
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Bruker 2 7)) SGWX-4 & i1 s A% (g R 2 Bk 224X
Z A PR 2 7)) DF-101S 42 #h X1E i n #4004 # 24%
(YL T A28 B 54T 2 7]) W R1001-VN Jig 5% 28 K AX
GBI} T 57 G R A AD); BRRe Bk ud B 41, Bt F )
B R A M 4l Bk 2R 4l
1 KEMERK
1.1 hEME2BIA R 7F 500 mL T i 5 i B g
LAY 1 (24.4 g, 200 mmol), Fhi A 300 mL 45
ot DA S 53 N, N-— FF 5 FE R Jle i 0 il . £20 °C
N 2% 3 0 EL R (38.1 g, 300 mmol), i I 5E 4%
J&, THR % 25 °C, #iFE N 2.5 ho 45 15 N I K 8L
R EIRAR, B2 2 RIFEREA, 1938 GRRBE.
R vE T 200 mL A BT, FE 0 C&IE T,
2218 N N\ TR % (40.4 g, 400 mmol) 5 = Z. % (40.4 g,
400 mmol) FREEH, Wi T2 G & 1A 2 =R
S8 ho NG B ) s N R HR I I v R A e
¥ 200 mL VK S, PR SR e AR R AL B 2 TR
REHL, To/KBRER N T, HhIE, RIS R N, At
TESr B9 A A E 4 33.1 g, HK 80.7%.
1.2 hiEfA3IA R /£ 250 mL T = Sk
A& 2 (205 g, 100 mmol) #1100 mL & /K P4 &
WRIR . fER SR FTAHR MK ZE-78 Cla, 2187
b T A (1.3 mol-L%, 90 mL, 120 mmol), fi% i 5e B
Ja PRI L L he SR M y- T WG (11.2 g, 130 mmol),
0 5 B JE AR IR N 1 he B EE TR ) S NV R
JI1 200 mL RN G e VA TR AR K ORONE, P S
TFI S AN 2 AR EL, TE/KBR R AN T4, S At il o) 15
15 AR 25.0 g, UK Z 76.0%.
1.3 HEMRARAR 7E1 LT E R+,
AALEY)3 (17.0 g, 58.4 mmol) A1J5 /K HEE (400 mL),
7E10 C R P FE ¥ R Ja 2218 o #om A A L8 (3.6 g,
94.7 mmol), F+ & =R LIS R . OGS R JE R B
W B UK 4T, 0 2 mol-Lt 252 (300 mL) ¥ K
N, F 28 2 B R A S AN 22 YA R, T2 7K B R
T8, WUE R4 J5 43 E Ll 4 17.0 g, i 89.3%.
1.4 HEMRSEIE R 7F 500 mL - 1 [ JE B i
IIAAL &9 4 (8.5 g, 29.0 mmol). F % 200 mL 5 A
— 7K %t B B2 (0.85 g, 4.5 mmol), 78 &S AR T TF
T2 128 CHEPE N 24 ho SN 58 42 5 8 S N I

WAEIET, EAF Al 0 B8 i R 4.3 g, I
77.8%.

1.5 hiElfA6 &R 7550 mL T4 K [ Be i,
IMAAL&%5 (1.78 g, 10.0 mmol) F1 & ¢ 50 mL,
B J5 7E UK 46 R, A U NS H 2R 1 1 & (5.09 g,
15.0 mmol). = Z % (2.8 mL, 20.0 mmol). 4- — I &
FEnmE (0.12 g, 1.0 mmol), FER SRS T, TH 2= = iR $i
PR 12 he OB 5E AR R 1) N HOIN 1 mol-L* 3
% 20 mL, F A &0 b A v A S 22 AR, ek
T R AH T 1, A il 7 B R s A R 2.7 g, U2
80.2%.

16 7a~7jMIEREZE Li7a Al ¥iE&We
(0.87 g, 2.5 mmol) ¥ T N, N-— F 3 I Bk i b, 15 17
NV FR 22 18 i N B B R (0.49 g, 2.5 mmol), JiT N\ B R
£ (0.7 g, 5 mmol) J& FHiR % 65 CHi bk I M o M 5E
SV A O N A = IR, B 50 mL K ¥R, B 2i: 2
B FHARLAN AN 2 IR, oK IR RN T8, Ak il
I3 B3 A E 44 0.45 g, I0F 49.1 %.

1.7 Tk TIBIERIEZE  PATK B, KL 546 (0.87 g,
2.5 mmol) ¥ T N, N- F 35 H B fiae v, ) e 07
A8 I NN 3R A § &K (0.37 g, 2.5 mmol), In AR R
B (0.7 g, 5 mmol) J5 THiR % 65 CHEPE N « M 58
SV A R N A = IR, 50 mLK¥ER, B i 2
P ROV AN SN 2 IR B, oK BRREA T, ZAE
IS A E 1K 0.46 g, UNE 54.8%.

2 BfRMCENESTEMEITEN

2.1 KERWEKE B #E 5T 4 B R SMMR 3P SE M E
2 I8 SCHRE21 )5 325, K SD KRR L R A 4 48 e 41 it LA
Ax 104 F1 200 o 5 3 3 o T~ 48 FLIE F b b, A8 & A A
NV FE AR AL A Y0 Y DMEM 55 95 5 (% 1% FBS) & ¥
FRFE 24 ho 24 h o R85 77 2 T 6 BOAS £ A TR S I
) DMEM 572 2%, 3 & T 56 5% CO,.95% N, ="}
FEA S IR 2 hy 52 A AR S5, o B R AR T e 5T
4 DMEM K: 772, JF 8 T % 5% CO,.20% O, 15 7 4
W 9% 24 h5g il G FE . SR MTT VR 58 28R 44
ik Sl ) 9 A i T RS D, DA o R PR R A
W E N 100%, AR M & el A s . A
o A7 2 = (S50 20 MRS AFL S 1 0T R 2E R AL AFD)
100%.

2.2 IR BEEE MM R Bron iyl
SE HARALE P AA T ADP 5 5 1 I /)N i 58 4 F 4 1)
. BUREMERvE 22 K S (A H 1.8~2.2 kg), 2 FESS
1% &5 B2 5% DRV S 00 ) eV e JRR IR, 35 20 ik i 5 L
1. Kf M5 3.8% M RSN (0.38 g MR Hh % 10 mL
A EE/K) PLO: 1R A, L1000 r-mint .0 10 min, BUE
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I/ (PRP), Fél2 3645 LA 3 000 r-min &> 10 min,
B E i /N AR 1L 2% (PPP). 4% HX PPP 300 pL i A il 3%
fL, #“PPP”H#E HEAT %€ bhx o« #R )5 HLPRP 280 plL in Al
AR IS [R9 B2 B 2498 10 L, ££ 37 °C Titis Al
T 3 min JG NI AL, $ T 4R 7 B i 52 RN 55
S 7710 pb, W5E 5 min P 5 K LN Z, R
FAEYIINCE CREANHIREE). rAERELS3
W, IR & HRERPES S OHRERETTH
RAEIMHI R IHZR (%) = (& AXRA R K REZRY
H 45 25 41 B KRR BRI M)/ AR IR i KR
11 x100%
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