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Synthesis and activities of derivatives of magnolol and honokiol

LI Xiaodi, GUO Xinglong, DAI Rongji, LYU Fang*, CONG Lin, DENG Yulin
School of Life Science, Beijing Institute of Technology, Beijing 100081, China

Abstract

Based on the chemical structures of magnolol and honokiol, a series of small molecular derivatives

were designed for the treatment of Alzheimer's disease. Through the Discovery Studio, five compounds ( 6a-6e)

exhibited the inhibitory activity against AR and Tau proteins in all of the designed compounds. Then the five

compounds are chemically synthesized and their biological activities were tested by thioflavin T. The result

showed that compound 6a had inhibitory effect on the aggregation of two kinds of target proteins at the concentra-

tion of 100 pwmol/L, which deserves further research.
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Figure 1 Structures of magnolol and honokiol
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Table 1 LibDock Score of derivatives
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Ve, SR AR R, AL G W) 6a Won HAIH AR 5
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#0,5 , FI| F Discovery Studio 4%} 1% 11 H B 54 4~
24/ Ny B Or R OT- B RERS AR SR O A4/ o3
TR 45 G RE RN 1 & Fh s8]
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LibDock Score

R Rig, Compd.~~ H i o R4 s s 118H 1IYT
‘ 6e H  CH,OCH, H H H OCH, 76.2856  44.599

Rs 6c H H CH,OH H H OCH, 76.1316  36.883 2
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6a H H CH, OCH, H H OCH, 74.9218  33.5528
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Figure 2 Synthetic route of the target compounds 6a-6e
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Reagents and conditions: (a) bis( pinacolato) diboron, Pd( dppf) Cl, ,DMF,0 to 80 °C;(b) CH,;I,NaH,THF,ice bath;(c¢) allyl bromide,K,CO;,
acetone, reflux,56 °C;(d) N,N-diethylmethylamine, reflux,200 °C; (e) K;PO, ,dioxane,Pd(dppf)Cl,,0 to 100 °C
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Table 2  Physical contants and LC-MS of synthesized conjugates

Compd.  Yield/% Character Formula LC-MS m/z
6a 43 Light yellow liquid ~ CjgHyO, 269.2[M]*
6b 47 Red-brown liquid Ci;HigO0, 253 1[M] -
6¢c 62 Colorless oily liquid ~ Cj;H;gO, 255 1[M]*
6d 52 Brown liquid CigHis0y  239.1[M] -
6e 72 Colorless liquid CisHyy0, 269. 2[M] ™

1-384-(FEA T L) R (b)) VKIS N AEM SR
HOIIARHR N (12) 9.3 ¢(50.0 mmol ) , AL (3.5 g,
146 mmol ) , G248 I AFT il 45 1) THF o 2 30 min J& , 2% 11
ABUREE 11 mL, 23R 504 24 he J5ORE58 4 O 5 (TLC £
), A 20% K,CO, /K 100 mL, /K2 2./ (50 mL x
2) ZEWL, AR B, JOK MgSO, Tt R SE , B 4
REAE S (A k- R 418, 9: 1) , 13 1-1R4-( AL
HHHE(1b) (10 g,49.7 mmol) , 775 92% , 'H NMR ( DMSO-
d, ,400 MHz) §:7.51(d,J=8.3 Hz,2H),7.25(d,J =8.2 Hz,
2H),4.36 (s,2H, CH,),3.28 (s,3H, CH, ) ; IR (KBr, ») :

2983.1,2924.5,1592.6,1487.3,1376.4,1193.2,1102.0,
1 070.1,1 011.9,836.0,803.1 cm ™',
1-23-(FRAFTR)R(1d) ZHRUAEY 1b G
Tk, AW 3-RKFEE(1e) (9.3 g,50. 0 mmol ) 5 AL
e AR, PR 94% . MS m/z201.0[M]*;'H NMR
(DMSO-d, ,400 MHz) §:7.68(s,1H),7.64(d,J=7.9 Hz,
1H),7.32(d,J/=7.6,1H),7.16(dd,J =7.7 Hz,1H) ,4.37
(s,2H,CH,),3.28 (s,3H, CH,) ; IR (KBr, »):3 060.0,
2986.5,2926.0,2 854.9,1700. 5,1 596. 1,1 571.4,1 472.0,
1425.8,1 377.4,1 197.4,1 106.2,1 070.5,995.2,925.6,
882.3,778.3 cm ™',
(4-(4,4,5,5-m9 F 2-1,3,2-Z A R R R AMI-2-4 ) K
A)WEL(2a) )R = B I AR (1a)
0.935 o( 255 mmol) . SUBCHIMTEMEARG 2. 54 ¢, Z.Fob0 1. 47
g, T4 DMF 20 mL, ¥R SWEZEIOKIR G T, AR
PRI 2 HERR 25 1 K. P A i 4k 7 Pd(dppf) CI,
0.365 2(10% mol 244 ) ,dppf 0. 554 g(2 mol/L) , ’ﬁ%{;‘ﬁ?}ﬁ
B HERRZS A3 K FENFRIREE 80 CF, g i . &
SN =R INAK 75 mL PE% 2 K. Lﬁ&z@a
IR AR A Bk i o TEK MgSO, T4, WU R 4, BR AR W
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RS CATHEE-Z MR 6,4 1) 1351 (4-(4,4,
5,5-DUFISE-1,3,2- A R 3R M BE-2- 55 ) R L) HT 2 (2a) ,
772 88% , MS m/z 233.1[ M ]~ ;'H NMR ( DMSO-d, , 400
MHz) 8:7.63(d,J=7.9 Hz,2H),7.32(d,J =7.9 Hz,2H),
5.23(s,1H,0H) ,4.52(s,2H,CH,),1.29(s,12H,CH, ) ;IR
(KBr, »):3 368.2,2978.2,2931.8, 1 614.2,1517.1,
1455.1,1360.1,1272.1,1 143.5,1 087.2,1 018.4,962. 4,
858.3,821.6 cm ™',

2-(4-(FRAFTHE)FRE)4,4,5,5mF%-1,3,2-2 4
I BT (2b)  SAEY 2a H T, HILEY 1b
(0.95 g,5 mmol ) 5 X 156 47 WP st ) 2 s 2 7 1l 45, 7 2R
90% ,'H NMR( DMSO-d, ,400 MHz) §:7.65(d,J =7.9 Hz,
2H),7.31(d,J =7.9 Hz,2H) ,4.43(s,2H,CH, ) ,3.28(s,3H,
CH,),1.29 (s, 12H, CH, ) ; IR (KBr, ) : 3 048.3,2979.8,
2924.2,1613.2,1 357.3,1 277.3,1 145.3,1 094.0,914. 8,
858.8,822.5 cm ™',

2-(3-(FRAFTR)RK)4,4,5,5-9F %-1,3,2-=
A& EME(2e) ZIAEY 2a G E, HLEY
1d(0.95 g,5 mmol ) 5 XU B FIP et i 1% 6 s vz il 45, 7= %
90% ., MS m/z249.2[ M]* ;'H NMR ( DMSO-d, ,400 MHz)
5:7.64(s,1H),7.58(d,J=7.2 Hz,1H) ,7.42(d,J =7.7
Hz,1H),7.36(dd,/=7.9 Hz,J=7.4 Hz,1H) ,4. 41(s,2H,
CH,),3.28(s,3H,CH,),1.29(s,12H,CH, ) ; IR (KBr,») :
2979.2,2 930.6, 2 820.1, 1705.6, 1 607.8, 1 487.9,
1429.1,1359.5,1273.8,1 203.7,1 144.4,1 098.0,964. 3,
852.9 cm ™',

SRR R R B (4) TR = SO A TR 2R
(3)0. 2 mol, TL/KBREREN 0. 22 mol , NEHS0 mL,45 CHidkEfF
Z SRV, 30 min J5 ISR 0. 22 mol , I [l i 24
Ak 10 min, [N 8 h 5 , B HIE R, /K (250 mL) ¢
BN, CBEFEEC 3 K (40 mL), GIFAHLZ, 10% 1Y
NaOH JUE A HLAH, Tk MgSO, TH , Wk 4, 3R 4%
Y AR A0 (A k- /R 418 ,9: 1) 18 XHR R ZLIGT
Mk (4) 0% 93% ,'H NMR( CDCl, ,400 MHz) §:7.35(d,
J=8.7 Hz,2H) ,6.80(d,J =8.6 Hz,2H) ,5.97 ~6.07(m,
1H,CH),5.37 (m,2H, CH,),4.50 (d, J = 4.8 Hz,2H,
CH,); IR (KBr, »):3082.7,2 919.0, 1 648.0, 1 589.7,
1488.5,1242.3,1072.4,1001.0,928.3,821. 1 em ™',

2-Hr k42 K By (5a) LG 4(22.4 ¢,0.115
mol ) I T N, N-—. Z HEH i 60 mL 1,200 °C F m#A Al i
9h, B HJG, ZAEIMA 3 E MR R, LR LT 2 L
3 WA NG /K SRR NaCl % JoK MgSo, T
VR AR , A RE AT O (A - R R, 7 1) 151k
LW 2K T4 IS (5a) , FER N 43% . MS m/z211.0
[M]™;'H NMR (CDCl,,400 MHz) §:7.23 (m,2H),6.70
(d,J=9.1Hz,1H),5.92 ~6.02(m,1H,CH) ,5.17(m,2H,

CH,) ,4.92(s,1H,0H),3.37(d,J =6.1 Hz,2H,CH, ) ;IR
(KBr,»):3 286.7,2923.5,1 636.2,1 489.5,1 237.1,
1095.4,996.2,917.4,821.6 cm ™',

2-M R Ak 4-iR-1-F B R (Sb) K S0 R AE W B
AL 1) Sa(5.32 ¢,25.0 mmol) , EALHH (1.75 g,
73 mmol) , ZEAE N AGH I ) THE, 525 30 min, i AR
$E 5.5 mL, i L vk, BRI, 24 he RRIRYSE RN G
(TLC #:55) , A 20% K,CO, /K¥ K 50 mL, [T W 584, K
BRI, G IEAPLZE, Tk MgSO, T8, Il &k 4,
BRI, B AR A hE AT a3 (A k-2 8 R, 25: 1)
BTG Y 2-0 TR HE4-TR-1-F A LR (5b) 5 g(24.0
mmol) , Sl 3 94% ,'H NMR ( CDCI, ,400 MHz) §:7.23 ~
7.28(m,2H),6.70(d, J =8.6 Hz,1H),5.88 ~5.96 (m,
1H,CH),5.03(m,2H,CH,),3.78 (s,3H, CH;),3.33 (d,
J=6.6 Hz, 2H, CH,); IR (KBr, »):3 077.5,2 937.3,
2835.7,1 638.2,1 487.4,1 247.2,1 076.1,996.0,916.7,
804.4 cm ™',

3-M R AA-FRAA-(FRATFTHE)-1,1'-3 K (6a)

] ZBUB P INALL S 2b(1.15 g) , TEKBERR B 2.8 ¢,
A B LAY B 8 S FR-/K (5:1)20 mL, 55 #E T
AR EESHBRZE R 1 W BB AEY Sb
(0.756 g) AL Pd(dppf) CL, (0.2 g) » PKIE T HIEAE A
SEH 3 K,100 CFEAL 24 h, R HEER. IAK
30 mL, Z 1R ZTRAEEL 3 K, A HUZEK ki A p Sk
VE¥E TG 7K MgSO, T J5 , fik B A 43 5 (A Vi1 k-1 B,
7:1), 18k &Y 6a, FER 43% , MS:m/z 269.2[M]*;
'"H NMR( DMSO-d, ,400 MHz) 8:7.65(d,J=7.9 Hz,2H),
7.50(s,1H),7.41(d,J=2.4 Hz,1H) ,7.36(d,J =8.2 Hz,
2H),7.05(d,J=8.5 Hz,1H) ,5.94 ~6.04(m,1H,CH),
5.01 ~5.09(m,2H,CH,) ,4.43(s,2H,CH,),3.82(s,3H,
CH,),3.37(d,J =6.6 Hz,2H,CH,),3.32(s,3H,CH,);
BC NMR(DMSO-d, ) §: 156.56, 139.12, 136.81, 136.65,
134.41, 132.03, 128.18, 128.09, 127.79, 126.68, 125.98,
125.55,115.66,111.13,73.33,57. 43 ,55. 47,33. 87;; IR (KBr,
v):2 974.9,2928.0,2 835.6,1 638.6,1 608.0,1493.9,
1360.1,1275.4,1247.9,1 099.4,914.5,806.5 cm ™",

3-MRAA-(FRATFHE)-[1,1-33K ] 4-82 (6b)
ZILEY) 6a & 0T, LG 2b(0. 18 g) AL &) Sa
(0.106 g) 2 i 15, P % 47% , MS:m/z 253.1[M ]~ ;
'"H NMR ( DMSO-d, ,400 MHz) §:9.49(s,1H,0H),7.52(d,
J=7.6 Hz,2H) ,7.32 ~7.34(m,4H) ,6.87(d,J =8.8 Hz,
1H),5.97 ~6.04(m,1H,CH),5.00 ~5.10(m,2H,CH,) ,
4.41(s,2H,CH,) ,3.34(d,J =6.8 Hz,2H,CH,) ,3.32(s,
3H,CH,) ;" C NMR(DMSO-d,) &:154.77,153.90,139.53,
139.46,137.08, 136. 37, 136. 26, 130. 87, 130. 71, 128. 09,
128.06, 125. 88, 125.77, 125.32, 115.42, 73.38, 57.43,
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33.92; IR (KBr,»):3 304.6,2 982.6,2 930.9,1636.7,
1607.4,1 491.8,1 361.0,1 271.7,1 082.9,968.1,909.0,
810.4 em ™',

(3'-Mrmk4-FRA-[1,1-3K]4-2L) 7 5 (6¢)
SIRLAY) 6a & BT, ik &9 2a(0.5 g) FLE ) 5b
(0.6 g) [ W #1715, 772 62% , MS:m/z 255.1[M]";
"H NMR( DMSO-d, ,400 MHz) §:7.60(s,1H),7.54(d,J =
8.2 Hz,2H) ,7.41(d,J=2.3 Hz,1H) ,7.36(d,J =8.2 Hz,
2H),7.05(d,J=8.6 Hz,1H),5.94 ~6.04 (m,1H,CH),
5.18(t,J =5.2 Hz,1H,0H),5.01 ~5.09 (m,2H, CH, ),
4.52(s,2H,CH,),3.81(s,3H,CH,),3.37(d,J =6.6 Hz,
2H,CH,) ;" C NMR ( DMSO-d,) 8:156.49,140.98,138.40,
136. 88, 132.29, 128.18, 128.05, 127.77, 127.1, 125. 86,
125.50,115.68,114.79, 111. 17, 107. 02, 28.92,23.59; IR
(KBr,»):3 305.8,2 960.1,2 885.9,1636.7,1 607.9,
1518.8,1494.1,1456.0,1368.1,1279.2,1248.1,1 065.4,
964.2,848.5 em ™',

3 mAA-(FTER)-[1, 13K ] 4-8 (6d) = L
G 6a 5T, mALAE Y 2a(0.5 g) MG W) Sa
(0.6 g) R 178, % 52% , MS:m/z 239.1 [ M] ™
'"H NMR( DMSO-d, ,400 MHz) §:9.47(s,1H,0H) ,7.50(d,
J=8.2 Hz,2H),7.33(m,4H),6.87(d,J=9.0 Hz,1H),
5.95 ~6.05(m,1H,CH),5.16(t,J=5.7,1H,0H) ,5.00 ~
5.10(m,2H,CH,) ,4.50(d,J =6.4 Hz,2H,CH,),3.35(d,
J=8.52H,CH,) ;" C NMR(DMSO0-d,) §:154.64,153.79,
140. 69, 140. 58, 138. 80, 138. 72, 137. 13, 126. 98, 126. 96,
126. 44 ,124. 61,115. 43 ,62.71,33.96; IR (KBr,») :3 262.0,
3029.0,2928.4,1 704.3,1 634.8,1 606. 8,1 487.9,1 372.0,
1270.6,1 115.0,1 037.7,996. 7,846. 4,808.6 cm ™',

3 RAA-FAEAI -(FREFTAE)-1,1-5 K (6e)

Z AL E ) 6a & BT, BB 2¢(0.327g) Fifb &
¥ 5b (0.5 g) Jz b Hl 78, 72 & 2%, MS: m/z 269.2
[M]*;"H NMR(DMSO-d, ,400 MHz) §:7.50(m,3H) ,7.40
(m,2H),7.25(dd,J=5.7 Hz,J =7.3 Hz,1H) ,7.05(d, ] =
8.5 Hz,1H),5.94 ~6.04 (m,1H),5.01 ~5.09 (m,2H,
CH,),4.46(s,2H,CH,),3.82(s,3H,CH,),3.38(d, ] =
6.6 Hz,2H,CH,) ,3.32(s,3H,CH,) ; °C NMR(DMSO0-d, )
§:156.61,139.97,138. 88 ,136. 83,132.20,128.76,128. 19,
127.88,125.82, 125.66, 125.29, 125.25, 115. 63, 111. 12,
73.64,57.53,55.47,33.88; IR (KBr,») :3 060.0,3 029.0,
278.2,2 930.2,1 638.1,1 607.6,1 504.1,1 482.2,1 356.5,
1246.6,1 194.9,1 105.4,996.5,967.8,914. 5 816.3 cm ™',

4 B EWREDEE

BT AD I PIAS EE A Al A R
T(Th T) ik, Bl Taw A AR EAM N ZIKE

H L4 S Bk &l AR 2 E 1 Tau 25 R AW
TEPEREAT A
4.1 Th T km S FHETEMmAT AB RORERE
AL

TE 96 FLHIMAZE M 10 wmol/ L Abetad?2
AR HE 3T CRHRIRINE . I E 3 2Pk .0,
10,100 wmol/L K AH 1 1 BE (1) 1T 4= 49 43 0 Jom A%
N LA B S ANETTE] 0,7 ,14,21,28 h, £ 5
A Bsf [) 5 BB i 98 WL I 0. 1% ThT iF#K 2 L,
TR 5) s S5 6 50 BE TR I A A
PR R 450 nm, 5K 485 nm,

K3 =R 5 FfiTEY S AR EERER S, 950t
SREETE O ~28 h b HAA B2 5 .

200 0004
150 0001
100 000

50 000

0

Fluorescence intensity difference

=50 000

=100 000~

Figure 3  Significance levels of compounds 6a-6e against A@ protein
(x+ s,n=3)

The graph shows the difference in fluorescence intensity between 28 h
and 0 h

*P<0.05,""P<0.01," " " P<0.001 vs control group
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Figure 4 Significance levels of compounds 6a-6e against Tau protein
(x+ s,n=3)

The graph shows the difference in fluorescence intensity between day 1
and day 0

*P<0.05,""P<0.01," " " P<0.001 vs control group
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