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Design, synthesis and anti-platelet aggregation activity of paeonol oxime
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Abstract In order to afford new antiplatelet agents with higher potency, a series of paeonol oxime derivatives
(4a—4y) were designed and synthesized from paeonol. Their structures were confirmed by HRMS, '"H NMR spectra.
The anti-platelet aggregation activity of the target compounds was evaluated. The results revealed that most of
them had moderate to good anti-platelet aggregation activity. Among them, compound 4h and 4j were the most
potent on adenosine diphosphate (ADP)-induced platelet aggregation and collagen-induced platelet aggregation.
Furthermore, the target compound 4h not only showed strong antiplatelet aggregation activity, but also exhibited
good water-solubility and drug-like properties, which can be used as a new antiplatelet active compound for
further research.
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1 2a-2e 3a-3y 4a—4y
2a:n=2;2b:n=3;2c:n=4;2d:n=5;2e:n=6
3a,4a:n=2,X=0;3b,4b:n=3,X=0;3¢c,4cn:=4,X=0;3d,4d: n=5,X=0;3e,4e:n=6,X=0
3f, 4f: n=2, X = CH,; 3g, 4g: n=3, X =CH,; 3h, 4h: n =4, X = CH,; 3i, 4i: n =5, X = CHy; 3j, 4j: n =6, X = CH,
3k, 4k: n =2, X =NCHj; 31, 4l: n =3, X = NCH;; 3m, 4m: n =4, X =NCHj; 3n, 4n: n = 5, X = NCHj3; 30, 40: n = 6, X = NCH;
3p, 4p: n =2, X =NC,Hs; 3q, 4q: n =3, X =NC,Hs; 3r, 4r: n =4, X =NC,Hj; 3s, 4s: n = 5, X = NC,Hs; 3t, 4t: n =6, X = NC,H;
3u, 4u: n =2, X =NC,H,0H; 3v, 4v: n =3, X = NC,H,OH; 3w, 4w: n =4, X = NC,H,OH; 3x, 4x: n = 5, X = NC,H,OH;
3y, 4y: n=6, X =NC,H,OH
Scheme 1  Synthetic routes of target compounds 4a—4y
Reagents and conditions: i: NaOH, DMF, 25 °C; ii: Morpholine, Piperidine, N-methyl piperazine, N-ethyl piperazine, N-(2-hydroxyethyl) piperazine,
MeCN, 50 °C; iii: NH,OH-HCL, EtOH, pyridine, 60 °C

[H1A 2a ~ 2e, WALEY 4, HArEEY 4a ~ 4y OISR M55 5
2.1.2 PR ST R B R L BB 3a ~ 3y 09 4 il O HE T N R S B S R 2.
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N N 3k 69.4  293.1452 | 3x 739 365.2439
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Table 2 Yield, melting, HRMS and "H NMR of compounds 4a—4y

. HRMS
Compd. Yield/% mp/ C "H NMR(400 Hz),8
m/z [M+H]*

4a 83.3  121.6-123.2 295.168 1 7.10(d,J=8.4 Hz, 1H), 6.59(d, ] = 8.2 Hz, 1H), 6.47(dd, ] = 8.4, 2.2 Hz, 1H), 4.08(t, / = 5.6 Hz, 2H),
3. 74(5 3H),3.58-3.53(m, 4H), 3.33-3.26(m, 6H), 2.03(s, 3H)

4b 80.2  105.8-107.6 309.1770 7.11(d,J=8.4 Hz, 1H), 6.57(d, ] = 8.3 Hz, 1H), 6.47(dd, J = 8.4, 2.3 Hz, 1H), 4.05(t, / = 5.8 Hz, 2H),
3. 74(s 3H),3.58-3.53(m, 4H), 3.33-3.26(m, 6H), 2.03(s, 3H), 1.85-1.80(m, 2H)

4c 79.5 91.3-93.1 323.1926 7.12(d, J=8.3 Hz, 1H), 6.56(d, J = 8.2 Hz, 1H), 6.48(dd, J = 8.4,2.3 Hz, 1H), 3.99(t, / = 6.3 Hz, 2H),
3.76(s,3H), 3.58-3.53(m, 4H), 3.35-3.28(m, 6H), 2.05(s, 3H), 1.75-1.70(m, 2H), 1.58-1.54(m, 2H)

4d 80.1 83.5-85.1 337.208 3 7.08(d, J=8.4 Hz, 1H), 6.57(d, J = 8.2 Hz, 1H), 6.45(dd, J = 8.4,2.2 Hz, 1H), 4.05(t, / = 5.6 Hz, 2H),
3.74(s, 3H), 3.55-3.49(m, 4H), 3.29-3.25(m, 6H), 2.02(s, 3H).1.77-1.65(m, 4H), 1.50-1.43(m, 2H)

de 83.1 69.5-71.2 3512274 7.12(d,J=8.4 Hz, 1H), 6.57(d, J = 8.2 Hz, 1H), 6.49(dd, J = 8.4,2.3 Hz, 1H), 3.99(, / = 5.3 Hz, 2H),
3.76(s, 3H), 3.42-3.35(m, 4H), 3.34(s, 3H), 3.06-2.95(m, 6H), 2.06-2.01(m, 2H), 1.76-1.66(m, 2H),
1.47-1.40(m, 2H), 1.38-1.31(m, 2H)
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( Continued )

. HRMS
Compd. Yield/% mp/ C '"H NMR(400 Hz),8
m/z [M+H]

4f 68.6  175.1-176.8 293.1820 7.15(d,J=8.4 Hz, 1H), 6.61(d, J = 8.4 Hz, 1H), 6.52(dd, J = 8.4,2.3 Hz, 1H), 4.08(t, J = 6.1 Hz, 2H),
3.77(s,3H),3.09(s, 3H), 2.25-2.13(m, 2H), 2.08-1.97(m, 4H), 1.85-1.66(m, 6H)

4g 68.0  163.8-165.2 307.2035 7.17(d,J=8.4 Hz, 1H), 6.50(d, J = 8.4 Hz, 1H), 6.41(s, 1H), 4.05(t, J = 6.0 Hz, 2H), 3.80(s, 3H), 3.11
(s,3H),2.05-1.94(m, 2H), 1.86-1.78(m, 4H), 1.70-1.66(m, 2H), 1.46—1.38(m, 6H)

4h 75.9 173.7-1752  321.2196 7.13(d,J=8.4 Hz, 1H),6.59(d, J = 8.4 Hz, 1H), 6.50(dd, / = 8.4, 2.3 Hz, 1H),4.03(t, / = 6.0 Hz , 2H),
3.78(s, 3H), 3.25-3.17(m, 2H), 3.11(s, 3H), 2.16(m, 2H), 2.02-1.96(m, 4H), 1.69-1.60(m, 2H), 1.44~
1.35(m, 6H)

4i 70.1 149.5-151.3 3352353 7.19(d, J=8.3 Hz, 1H), 6.46(d, J = 8.4 Hz, 2H), 3.99(t, ] = 5.8 Hz, 2H), 3.8 1(s, 3H), 3.10(s, 3H), 2.25-
2.19(m, 6H), 1.61-1.55(m, 2H), 1.47-1.39(m, 4H), 1.27-1.24(m, 6H)

4j 73.8 144.7-146.2  359.2509 7.15(d, J=8.4 Hz, 1H), 6.60(d, J = 8.4 Hz, 1H), 6.52(dd, J = 8.4, 2.3 Hz, 1H), 4.01(t, /] = 5.8 Hz, 2H),
3.78(s, 3H), 3.12(s, 3H), 2.28—-2.10(m, 6H), 1.84-1.81(m, 2H), 1.75-1.71(m, 4H), 1.43-1.41(m, 2H),
1.31-1.26(m, 6H)

4k 529 197.1-198.8 308.200 6 7.21(d, J=8.3 Hz, 1H), 6.47(d, /= 8.0 Hz, 2H), 4.09(t, J = 5.7 Hz, 2H), 3.79(s, 3H), 2.82(t, / = 5.7 Hz,
2H),2.61(m, 8H), 2.33(s, 3H), 2.20(s, 3H)

41 48.6 189.7-191.3 3222161 7.23(d,J=8.3 Hz, 1H), 6.49(d, J = 8.0 Hz, 2H), 4.11(t, / = 5.7 Hz, 2H), 3.80(s, 3H), 2.79(t, J = 5.7 Hz,
2H),2.59(m, 8H), 2.31(s, 3H), 2.16(s, 3H), 1.85-1.80(m, 2H)

4m 46.5 185.1-186.4 3362327 7.20(d, J =7.9 Hz, 1H), 6.47(d, J = 8.0 Hz, 2H), 3.96(t, J = 5.0 Hz, 2H), 3.79(s, 3H), 2.48-2.43(m,
2H),2.32(s,3H),2.21-2.12(m, 8H), 1.67-1.59(m, 4H), 1.23(s, 3H)

4n 48.6  167.8-169.5 350.2473 7.18(d,J=8.3 Hz, 1H), 6.44(d, J = 8.0 Hz, 2H), 4.06(t, / = 5.7 Hz, 2H), 3.78(s, 3H), 2.75(t, J= 5.7 Hz,
2H),2.54(m, 8H), 2.28(s, 3H), 2.13(s, 3H), 1.80-1.76(m, 2H), 1.64-1.58(m, 4H)

40 547  165.3-166.9 364.2636 7.21(d,J=8.3 Hz, 1H),6.47(d, J=8.0 Hz, 2H), 4.08(t, J = 5.7 Hz, 2H), 3.79(s, 3H), 2.77(t, J = 5.7 Hz,
2H),2.56(m, 8H),2.27(s, 3H),2.14(s, 3H), 1.89-1.84(m, 4H), 1.71-1.63(m, 4H)

4p 439  157.5-159.1 322.2134 7.13(d, J = 8.2 Hz, 1H), 6.59(s, 1H), 6.50(d, J = 7.6 Hz, 1H), 4.03(t, 2H), 3.79(s, 3H), 3.44-3.32(m,
10H), 3.16(s, 3H), 2.14-2.06(m, 2H), 1.15(t, 3H)

4q 48.4 119.5-121.0 336.228 8 7.15(d, J = 8.2 Hz, 1H), 6.61(d, 1H), 6.52(d, J = 7.6 Hz, 1H), 4.10(t, 2H), 3.77(s, 3H), 3.48-3.34(m,
12H), 3.17(s, 3H), 2.10-2.03(m, 2H), 1.26(t, 3H)

4r 40.9 112.8-114.5 350.2448 7.12(d, J=8.4 Hz, 1H), 6.56(d, ] = 2.4 Hz, 1H), 6.48(dd, J = 8.4, 2.4 Hz, 1H), 3.99(t, ] = 6.3 Hz, 2H),
3.75(s, 3H), 3.45-3.38(m, 10H), 3.17(s, 3H), 1.74-1.68(m, 2H), 1.60-1.52(m, 2H), 1.33-1.22(m,

2H), 1.00(t, J=7.2 Hz, 3H)

4s 43.4 103.2-104.9 3642606 7.13(d,J=8.4 Hz, 1H), 6.54(d, J = 2.4 Hz, 1H), 6.46(dd, J = 8.4, 2.4 Hz, 1H), 3.96(t, J = 6.3 Hz, 2H),
3.72(s, 3H), 3.43-3.35(m, 12H), 3.16(s, 3H), 1.72-1.66(m, 2H), 1.59-1.56(m, 2H), 1.31-1.26(m,
2H), 1.12(t,/=7.2 Hz, 3H)

4t 40.2 99.5-101.2  378.276 0 7.12(d, J=8.3 Hz, 1H), 6.57(d, J = 2.4 Hz, 1H), 6.48(dd, J = 8.4, 2.3 Hz, 1H), 3.98(t, J = 5.3 Hz, 2H),
3.76(s, 3H), 3.43-3.35(m, 12H), 3.15(s, 3H), 1.79-1.65(m, 4H), 1.50-1.32(m, 4H), 1.25(t, /= 7.2 Hz,
3H)

4u 62.3  109.1-110.8 338.208 3  7.15(d,J =8.4 Hz, 1H), 6.64(d, J = 2.3 Hz, 1H), 6.56(dd, J = 8.4, 2.3 Hz, 1H), 4.42(t, ] = 4.6 Hz, 2H),
3.78(t,t, J = 4.6 Hz, 2H), 3.76(s, 3H), 3.57-3.44(m, 8H), 3.25(s, 3H), 2.48(t, J = 7.2 Hz, 2H), 2.04(t,
J=7.2HzH)

4v 60.1 103.8-105.5 352.2240 7.19(d,J =8.4 Hz, 1H), 6.67(d, J = 2.3 Hz, 1H), 6.59(dd, J = 8.4, 2.3 Hz, 1H), 4.23(t, / = 5.2 Hz, 2H),
3.88(t, J=5.2 Hz, 2H), 3.79(s, 3H), 3.62-3.57(m, 8H), 3.20(s, 3H), 2.44(t, J = 7.2 Hz, 2H), 2.08(t, J =
7.2 Hz,2H), 1.87-1.80(m, 2H)

4w 63.8  97.8-99.6 366.2348  7.11(d, J = 8.1 Hz, 1H), 6.56(d, 1H), 6.48(d, J = 8.3 Hz, 1H), 4.38(t, J = 5.2 Hz, 2H), 3.99(t, /= 5.2
Hz,2H), 3.75(s, 3H), 3.18(s, 3H), 2.46-2.25(m, 12H), 2.04-2.01(m, 2H), 1.58-1.49(m, 2H)

4x 65.3  78.9-80.5 380.2553  7.11(d,J=8.1 Hz, 1H),6.56(d, 1H), 6.48(d, / = 8.3 Hz, 1H), 4.38(t,/ = 5.2 Hz,2H), 3.99(t, / = 5.2 Hz,
2H),3.75(s, 3H), 3.17(s, 3H), 2.46-2.25(m, 12H), 2.04-2.01(m, 4H), 1.58—-1.49(m, 2H)

4y 64.7 67.8-69.5 3942709  7.11(d,J=8.4 Hz, 1H), 6.56(d, ] =2.4 Hz, 1H), 6.48(dd, J = 8.4, 2.4 Hz, 1H), 3.98(t, ] = 5.3 Hz, 2H),

3.79(t, J=5.3 Hz, 2H), 3.75(s, 3H), 3.18(s, 3H), 2.42-2.20(m, 12H), 1.77-1.65(m, 4H), 1.50-1.38(m,
4H)
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Table 3 Inhibitory activity of target compounds 4a—4y (100 pg/mL) on adenosine diphosphate (ADP)/collagen-induced platelet aggregation in vitro

Aggregation inhibition/%

Aggregation inhibition/%

Compd. Compd.
ADP-induced Collagen-induced ADP-induced Collagen-induced
da 57.34 14.08 4n 36.42 36.42
4b 17.24 32.68 4o 31.40 59.70
4c 12.92 41.83 4p 50.83 44.78
4d 38.45 62.90 4q 43.39 47.26
de 30.69 75.54 4r 40.50 68.16
af 23.79 39.92 ds 62.80 59.20
4g 40.17 37.10 4t 39.52 40.30
4h 75.86 59.68 4u 58.62 32.62
4 28.10 45.97 dv 63.10 40.32
4j 84.48 80.65 dw 68.45 48.39
4k 37.19 59.68 dx 71.72 53.23
4 36.78 40.80 dy 65.49 45.49
4m 39.47 32.34 Blank 0 0
Paeonol 11.11 21.77 Aspirin 35.08 43.66
Heparin sodium 59.20
Table 4 1C,; of some target compounds against platelet aggregation in vitro
Antiplatelet aggregation IC/(imol/L) Antiplatelet aggregation IC/(jmol/L)
Compd. Compd.
ADP-induced Collagen-induced ADP-induced Collagen-induced

da 1.04 x 10° - 4n 4.70 x 10 -

4b - - 40 - 414

4c - - 4p 1.30 x 10° 3.1x10?

4d - 28.06 4q 1.23 x 10° -

de - 15.44 dr 2.79 x 10° 5.18

af - - ds 4.78 -

4g 1.27 x 10° - 4t - -

4h 9.52 21.25 du 7.34 -

4 - - dv 40.0 -

4j 2.87 15.84 dw 20.15 3.01 x 10

4k 1.80 1.30 x 10* 4x 3.50 2.82 x 107

41 4.70 x 107 - 4y 65.5 2.41 x 107

4m 4.30 x 10* - Aspirin 8.90 x 10? 90.4

Paeonol 1.34 x 10° 3.60 x 10°
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A ) BT AN [ R b A ) ADP e S 5 1Y /)
B R A (HHAE SR B4 AR . G ADP 5
S L I R B ELA S R A RIAE L R e A
U1 4h, 4j, 4k, 4s, 4u F1 4x 1 1C., 35 BRI He
JEE, A0 ) 3% e T 5 T PH A ) R 24 BT R DT A fb G
WA ] B S %) 0t /DN R A AR X i, 1
T VE FH s Ak & 90 4, HIC,, 9 5. 18 umol/LL,
HUCHALE Y 4e, 40 145, 1C,, 5300 M 15. 44,21, 25
F115. 84 pmol/L, Hr1 b5 %) 4h, 4j%F ADPif5 3
4 1 N A 2R 4 30 46 4 H (1Cs, 23 591 2 9. 52, 2. 87
wmol/L) J2& Bl & PEAK (1C,, = 890 wmol/L) fi¥) 93. 5 Fll
31018 , =7+ K W (1C,, =1. 34 mmol/L) 1) 141 F1467
it 5 XoF T8 75 S 11 i/ N A 3R AR A A (1C, 20 531)
4 21.3,15. 8 wmol/L) J2& FAI &) UT Ak (IC,, 7 90. 4
pwmol/L) 1Y 4.2 F1 5.7 £%5 , J& JF K Wy (1C5, = 360
wmol/L) i) 17. 0 Fl122. 74% .
2.3 EMACA4 4h, 4§ KPR X

Z MSCHR [ 18] 077 WG % FRELAL 5 ) 4h 1 4j
FHH B 5 25 2 100 mL, 43 5 B8 BL0.5,1,1.5,2,
2.5 mL, BAE 10 mL 1 A7 H WU 31k,
TR Ty . S i 0 A Y 4h 1 4
TIMA— & gk, 37 CIERFEIR 72 h, B0 80 1
AN o) 5 R R LU B= B i g A VRV
M2 R R AW 45 TEK D I R 0. 87
mg/mL, M5 YY) 4h A BE KB 7E K Th iy
VRIS M 2. 08 mg/ml
2.4 FEMEACESM Ah,4j K T

HR 4 Lipinski #L0) , X536 46 5 4 4h, 45 #5147
TZGYE T, G5 RN 5 PR

NOH NOH
f O~ ]\O f O~ I\O
_0

0
4h 4j

Table 5 Drug-likeness correlation analysis of compound 4h and 4j

Compd. M, HBD HBA clgP
4h 320 1 5 4.09
4j 358 1 5 5.15

HBD: hydrogen bond donor;HBA:hydrogen bond acceptor
3 3 i
ABEFEVIPY B R e A G, Se R H 2

FLUEAT UREE U L T | A LG F B, B X 1-
PRSI T I AR 2] 25 4 HARE A9, IE X A
T AMATICAL , A0 SN 4440 < 2R Williamson
A, DL NaOH [EHACH SR 71, DMF Sk )2 N5
n(PFRZER) cn( R BERE) :n(NaOH)=1:3:6,20 ~
25 “CTF R, A5 )4k 2a ~ 2e ORI s LU
N A MUK H SR SR, S HE R OB 7
50°C N [ i R Al 3a ~ 3y 594 R e s DLt
WEAE IR, TooK R RO ), n(3a ~ 3y) -
n(FRFRFERE)=1:2,60 CF L, Hbrfb &%) 4a ~
4y MICR I AE . BT ) BARfb A 91344 HRMS |
'H NMR #1471 456 B IE

P/ R A TE MR SR R W S s H
AL A W3 B — 5 T /N 3R 4 05 R4y
b G Wi A T BEPEXT R, Horb BRI A4 4h,
4j, 4k, 4s, 4u Fl 4x X ADP 75 5 (14 1l /MR B4 o
HR R AR T, TC5, 32 O 1 F2 1 0 BH 44 %o it
25 BT " VLA HARfL 5 4d, e, 4h, 4, 40 Fll 4r X
Ji2 I35 5 B4 I /0N A SR B 2 T S A i %) 0 o 9 2
ez B8 R0 B ok 2 B ] DT

W25 (AR 85 6 2R 40 BT s, 7 T B B 2137 3%
38 3 AN [ B B o B 5 | AN TR] AR 203 B
FFA8 H AL A B %t ADP AR 7 S (0 1L/ M R 4
) 00 SV FE 5 i 45 AN AR TA] o Bl A AL oA e ok
WF, TS HARIE G 1) 4a ~ de X ADP 55519 1fiL /MR
AL AE R AN SR | 7% B2 1 S 0 ST i /s i 2R
SEIEYER AR K 5 2 MR, E SR iR 5 6
(1) 5 FR AL A x IE J 75 T 1 I/ INB SR B 3 2
AR, 04k &9 4d(1C,, 4 28. 0 pmol/L) , 1k
1 4e(1C5, H 15. 4 pwmol/L) o A HLIE N 2 2 KR
BRI, TS HARE &4 4u ~ 4y XF ADP S A9 1ML/
M 5 4 ¥ B B i il AR L 1C,, R 3,50 ~
65. 5 pmol/L, {H X it J 175 5 1 /I i 2R 4R SR A 52
i) AN K 5 A AL oAy HEY SRR MR sF 322 422 e KR 2 1)
FEA 1 Ak ADP 55 19 1L/ I SR A5 R B A sk )
FHIEH] L 1C5, 35 1. 8 wmol/L; T 3% H8 8 ECH 6 1Y
FEE Y do Xt B JEZE 5 4 1t/ IR 42 A 25 it A 4
WEH o ALK IENRERT , 3% B2k 4 19
A W dre XoF S 7 S 19 i /N A 2R 8 0 4 4 A
5, 1Cs A 5. 18 wmol/L; R I ECH 5 L&)
4s %] ADP 1755 9 1L /N SR AR 4 I /E FH 5, 1G5, oA
4.78 wmol/L, A MU RWRNE , i 48 i 4 6
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