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Design, synthesis and evaluation of novel genipin derivatives for
multi-functional treatment of Alzheimer's disease
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Abstract: Alzheimer's disease (AD) is a chronic neurodegenerative disorder. Current medications can only
alleviate symptoms but have not yet achieved a cure. Given its multifactorial pathogenesis, the development of
small-molecule compounds that act simultaneously on multiple targets is particularly important. Traditional
Chinese medicine (TCM) small molecules, which can regulate multiple biological targets and signaling pathways,
offer unique advantages in AD treatment. This study utilized genipin, a TCM small molecule with potential
neuroprotective effects, as the lead compound to design and synthesize a series of multi-target anti-AD small
molecule compounds. Among these, compounds JD-5 and JD-7 exhibited significantly enhanced GSK-3f inhibitory
activity (JD-5, IC,, = 3.54 pmol-L"'; JD-7, IC,, = 2.47 pmol-L"), substantially outperforming the lead compound
genipin (IC,, = 28.16 umol-L™"). Furthermore, both JD-5 and JD-7 demonstrated significant neuroprotective effects
in SH-SYSY cell damage experiments induced by ‘BHP and Ap,; .. Further investigation revealed that compounds
JD-5 and JD-7 could significantly reduce Tau phosphorylation (S396) levels in primary neuronal cells, with
dose-dependent effects. All animal experiments were approved by the Experimental Animal Ethics Committee of
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Nanjing Ramda Pharmaceutical Co., Ltd (approval number: TACUC-20220202). Based on these results, it is
hypothesized that compound JD-5 likely exerts neuroprotective and antioxidant stress effects by inhibiting
GSK-34 activity and reducing Tau protein phosphorylation levels, providing a reference for the development of

multifunctional anti-AD drugs.

Key words: genipin; paeconol; multi-target ligand; GSK-3/4; Tau; neuroprotection; Alzheimer's disease
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Figure 1 Single-target drugs for the treatment of AD and polypharmacological ligands with anti-AD activity derived from medicinal
chemistry approaches. AD: Alzheimer's disease; AChE: Acetylcholinesterase; BACE-1: f-Secretase 1; BChE: Butyrylcholinesterase; MAO:

Monoamine oxidase; GSK-3/: Glycogen synthase kinase-3/
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Figure 2 Structures of glycogen synthase kinase-3f (GSK-3/) inhibitors. DYRK1A: Dual-specificity tyrosine phosphorylation-regulated

kinase 1A
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Figure 3 The mechanism of GSK-3/ involved in AD. ChAT: Choline acetyltransferase; NFTs: Neurofibrillary tangles; IL-6: Interleukin-6;

IL-1: Interleukin-1; TNF-a: Tumor necrosis factor-a; ACh: Acetylcholine
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Figure 4 Small-molecules anti-AD agents from traditional Chinese medicine
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Table 1 The GSK-34 inhibitory activity and cytotoxicity of target
compounds. ‘Genipin, the leading compound; "Staurosporine, a
typical ATP competitive GSK-34 kinase inhibitor, was used as a

reference compound in this study

o COOCH; o COOCH;
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JD-4 Me - 3 26.99 68.84
JD-5 - Me 1 3.54 78.14
JD-6 - Me 3 9.71 91.31
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Figure 6 The effect of different inducers on the survival rate of SH-SY5Y cells. A: /BHP induced SH-SYSY cell death in a dose-dependent
manner. n =3, x £5. P <0.01, P <0.001 vs control; B: AB,; .. induced SH-SY5Y cell death in a dose-dependent manner. n = 3, x £ s.
"P<0.05, P <0.01 vs control; C: Effects of different compounds on the viability of SH-SYSY cells induced by /BHP (100 umol-L™"). n =3,
x+s. "P<0.05 "P<0.01 vs BBHP; **P < 0.000 1 vs control; D: The effects of compound JD-5 on the viability of SH-SYS5Y cells induced
by AB,ss (80 pmol-L"). n =3, x £ 5. P < 0.05, ""P < 0.001; “*P < 0.001; E: The effects of compound JD-7 on the viability of SH-SY5Y
cells induced by AB, ., (80 pmol-L™). n =3, x 5. P <0.001; **P < 0.001
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Figure 7 The effects of compounds JD-5 and JD-7 on Tau hyperphosphorylation (Ser” ") in primary neuronal cells. A: Statistical analysis

of Tau hyperphosphorylation (Ser**) in primary neuronal cells by compounds JD-5 and JD-7. n =3, x 5. P <0.05, "P<0.01, P <0.001

396

vs DMSO; B: Representative Western blot bands of Tau hyperphosphorylated (Ser”") in primary neuronal cells treated with compounds JD-5

and JD-7

A

Figure 8 The molecular docking pose of JD-5 (pink) in GSK-3f. A: The location of compound JD-5 in the pocket; B: The interacts of
compound JD-5 with amino acid residues of the GSK-3/ protein (PDB: 1Q3D). Green: H-bond; Pink: Hydrophobic bond

S5 oy Hr MR REE B, £ R 2 Bk a5 S B &), ATP
SE AP 0 ) ) 5 BB X AN AR A Asp133 A Vall135
TR A B A BAE Y. RS R KW, e
JD-5 5 GSK-38 E ARG EH, 5l vk
TP 25 SR AE 6 B, B0 E T A5 M B — i A A,
PR B A R s B R T R

g

KRB FEE R T — KB e FAT A,
VIV 4 R W, X i A3 R I GSK-38 #1
W, Herh, ID-5 K1 ID-7 Xf GSK-34 il 4 FH (IC,,
439 3.54 F12.47 pumol-L™) & F R T 5 8 °F (IC,, =
28.16 umol-L™"). ANt g R 47 & P SL I R B, (b &40
JD-5 1 JD-7 G 2 2 P& MIK (BHP 8L AR, X SH-SYSY
Y M R ) R, B EA SR AR E T . WB SR 4
Rk T E LAY ID-5 RE 68 FEIK Tau BE R 1L
(S369) 7K1, HEFIEMMIVE. 7> TR R BN,
AW ID-5 660 5 ATP i M 14845 &, IF 5 0 & S R
Bk A ASP133 M VAL135 % TR — ML Ge A AH FLAE A,

iR T H AR TS A4 GSK-3p Ml EVE M R . B
EER it 2 IIREPTAD 25 S %

SLIGER Sy
1 XE5RF

¥ 5 L 4R AL (Bruker 400, #i -+ Bruker 24 &), P4
FRERE (TMS) N AR, AR = £ K (DMSO-d,) A
7, BT A 2408 BLppm A HLAL, AB-SCIEX-X500R
T I FH AN 5 45 S 56 BT 7 A 2R I B BT R T
22 T R AN B AR S5 R R R, A R 38 e T AL A
A B o BT Al TCARE IR UL, — MRS 22 Al Ak i 3 B R A
o FEZ M 200~300 H BEfE N E M. ANEA
GSK-34. GSK-3 Ji£ #) [YRRAAVPPSPSLSRHSSPHQ
(pS) EDEEE]. Reaction Buffer. DTT (cat: V1991) F
Kinase-Glo 3 i & 6 & MK 71 & (cat: V6711) 14 H
Promega A A o
2 BRUEYNER
21 7-(BERE)-1-2F#H-1,4a,5,7a- S -1H- IR K —
J& FF [c] ML -4-FR B FR B (2a)  7£ 50 mL [& )i B
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WM 5 JEF (1) (400.00 mg, 1.77 mmol). X B K fif
iz — K &%) (403.60 mg, 2.12 mmol). Z ¥ 3.96 mL,
80 °C/X M. 1 hJ&, TLC I (Fimlk: 4R LMl =111,
viv), SR RN FEAR 5E 4, NN 20 mL ¥ A1 NaHCO, 7K
TR K R L, S bt (50 mLx3) X0, & IH
HLAH, B VU B A& 7K (50 mLx3) Pei, LK
BN g JRUR VR 45 45 B MR, &R TR AT Z T
F Ak 2R G =401, viv) didk, 159 5 R
¥)416.60 mg, =% 87.8%.
1 &4 2b F IEAL A1 2a 1 & R OT 12 3EAT A5 B

22 T-(RTEZ-ZBHEHEEH)SE)PH)-1-}2 51,
4a,5,7a-P0 S -1H-3F [} Z 1% H [c] L IE-4- 3R ER BR R (5)
7E 250 mL & J& B+, A 52 e *F (1) (10.00 g,
44.20 mmol). KM (6.02 g, 88.40 mmol), F§ DMF (60 mL)
WA . 59 BURCT = W R &4 ke (TBSCI 13.32 g,
88.40 mmol) % T- DMF (30 mL) H, ¥k~ 2218 3% in 2
SN 3 0 56 BE S 4k 42 N 2 h, TLC JETF 7 (i
fik: R L6 = 421, vv), TR RN IEATE4S, I 20 mL
PRURKER N, 1 F 8 BE (50 mLx3) ZHL, & IF6
HUAH, B U A& /K (50 mLx3) Jeik, oK RN
TP, IR AR AR, SRR A BT CR M LR 2

B =06:1,v/v) gifk, 5 A4 12.50 g, 7% 83.1%.
23 T-(MTE-_FERERERHEHPEH)-1-5
X -1,4a,5,7- U S -1H-3F [X = I& F [c] Tt 17 -4- ¥R BR ER
fis (6) &AL £ 250 mL [ B B3 o, N 7-(((FL
Tk O R R e ) S ) R )-1- 2 2 -1,4a,5,7a- 1Y
S -1H-38 1 05 9 [c] M s -4- 32 B2 H BS (5) (12.50 g,
36.70 mmol) Al & F%¢ (80 mL), M 8.3 & T 44k
7 (DMP, 31.10 g, 73.40 mmol), 73 3 0N, 4 7K 18] g
10 min, =& F M 1 h, TLC B I 7 (A MEE: 4R 4

G =401, v/v), SR RN FEAR 5E 4, 0N T AN Ak R A A
K (60 mL) e AN AR B B B4 /K VA (60 mL), $i
P15 min, B LR 2 50 wE b o, FH AR
%t (50 mLx3) Z£HL, & A N, G LA A R
7K (50 mLx3) Be¥s, Tk i BR 48 T 1, R R4, &0k
JE AR E ML B A EE D TR L5 = 811, viv) 4lifk,
5 8 [E 44 10.00 g, 77 % 80.5%
24 7-(BRRE)-2-FE-1-51K-2,4a,5,7a-U S -1H-IF
X H [ IE-4-FREE FREE R & AR (Ta)  7£250 mL
[ R BE A, N 7-(((BUT 35 = HR ek e 35 S )
)-1-848-1,4a,5,7a- VU & - 1 H-38 [ 4 FE[c] ML I -4- 2
Fi H S (6) (5.00 g, 14.77 mmol). F fi 5 R £k (3.99 g,
59.09 mmol) fl = Z. % (16.43 mL, 118.18 mmol), Jf i
S (50 mL) ¥ fi#, 65 °C K 83 h, TLC & F7 (f1h
fik . . BR TG = 311, viv), R N EARTE A B B

A H B = BRI LB 2 R, MA =R AR
(30 mL) A1PY & MR (30 mL), 65 °C K .2 h, TLC i
FFR) (B 2R B8 =201, vv), Son [ B 3k A 58
4=, NN 20 mL 4 A R S0 BN K T YRR K OB, I =
LT (50 mLx3) ZHL, & IFA WA, A HUAHH &
#hIK (50 mLx3) Pk, To/K RN T 1, ik Rk 4h, &
RERAE ZHT PR BT CRIMEE . 1R B8 =301, viv) 4l
1k, 155 1K 1.66 g, ITH 47.4%.

&0 Th i BRACE W) Ta 16 BT AT B B
2.5 7-((1,3-ZF AKX F 05 MRk-2-5) B £)-1- 2 F &1,
4a,5,7a-PUS-1H-3F X Z 15 F [c] LI -4-F2 BR FREE (3a)
£ 50 mL = 3Uee i AR in N 7-(F B ) -1- 58 2k -1,
4a,5,7a- VU & - L H-34 36 05 F [c] ML i -4- R TR HE G (2a)
(530.00 mg, 2.08 mmol). &% 7 — H ¥ % (710.70 mg,
2.71 mmol). =ZFE B (398.70 mg, 2.71 mmol), il H =¥
34 IR, 0] SR H B U AR, I TEK
VUSRI (6 mL) V5 A, K e B B T UK b, 2218 1%
2 mL 7 7K U &K I i B 5 (1) DIAD (820.80 mmL,
4.17 mmol), T2 #i F M 1 h, TLC J& JF 7 (7 i 15k :
LPR O =501, viv), Bon RBLIEARSEA, M 20 mL
RN K L, 5 & BE (50 mLx3) ZEHL, &9
AHLAH, A U EAI £ 2h7K (50 mLx3) Bk, oK
PR 45, ok R 48, 28 0k R R J2E AT R B R (i 7k
LR BE = 811, viv) dlifh, 3 ik 3 (4 [ 44 750.00 mg,
7= 93.8%

b4 3b . 8a. 8b 4% IR AL 54 3a 11 & Bl 7 4T
B
26 7-(REFE)-1-2FE-1,4a,5,7a-MUK-1H-F L
ZHEFH [t IE-4- R BE FR R (4a)  7E 50 mL [ BE R
HAR O 7-((1,3- = 58 AR 7 5] W bk -2- %) F 6 )-1- &4
A HE-1,4a,5,7a- DU - LH-30 136 M - [c] ML IR -4- 2 1R
fig (3a) (750.00 mg, 1.96 mmol), F J& 7K Z % (10 mL)
R, T 40%~50% 7K-& it (752.30 mg, 23.47 mmol),
FIE N 12 h, TLC B IFF (it 2R 405 =311,
vIv), SR RN FEA S 4, 1 JERR 2 A B YT, TR E
WRAEAF R AR =Y, SRR A E T VR (=
A B HEE =101, viv) gtk 75 9% # @R A
350.00 mg, /=% 570.6%-

4 4b.9a.9b 3% FEAL A W) da 1 & T V04T
A
2.7 2-Q-ZEtE-S-HEEFREE)IEKRIEE 1) HE
X 7E 50 mL [E B A B (10) (500.00 mg,
3.01 mmol) FREZET (1.66 g, 3.61 mmol) A1 DMF (5 mL),
B N E T KB R, NN S 4 2,18 (386.4 mmL,
3.61 mmol), =I5 [ N 12 h, TLC 71 (f1 i © 2R
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O =501, vv), WoR RBIFEARSE 4, NN 20 mL ZE 1
IKVE R R, ] & BE (50 mLx3) ZEL, &3 A Hl
i, A WU A 27K (50 mLx3) ek, oK BB
T8, Y VA 4 1548 (L [ 4R 690.00 mg, 72 90.9% o
28 2-Q-CHE-S-BEREFXEE)ZEK 12) WERK
7 50 mL 8 J& BE L N 2-(2- £ Bk 3 -5- AR FE 2R R
I 2.1 2T (11) (690.00 mg, 2.74 mmol) A1 5 7K F
(5 mL), ¥ /e N2 E T 0K s, i N SR AL B K R
(437.60 mmL, 10.94 mmol), = J J % 12 h, TLC J& Jf
F Mk 2R 08 =311, viv), B N FE AR 58 4,
I 1 mol-L™ $h R VA W A 15 pH 22 3~4, YliE bt i, i
UE, TR UE YIS 483.90 mg ¥ 5 (AL E 4, 77 RN 78.9% .
29 7-(Q-Q-ZEBHE-S-BEREFEE) CEHRE)F
£)-1-Z & -1,4a,5,7a-U S -1H-3F [ = & 3 [c] It
H-4-3R B BB EE (JD-1) 7E 50 mL [ i e i m N 2-
(2- & T Bk -5- F AR R A0 JE) 42 (12) (100.00 mg,
446.00 pumol)-7-(Z 3L H 3E)-1- 258 5-1,4a,5, 7a- U A - 1 H-
R 0 I [c] W -4- 2 R R (4a) (113.00 mg,
446.00 pmol). EDCI-HCI (128.30 mg, 669.00 pmol).
HOBt (90.40 mg, 669.00 pmol)~ = Z Ji% (217.00 mmL,
1.56 mmol) Al — & F b (5 mL), Z M 12 h, TLC JE
T (A B B = 1001, v/v), Bom RN A 584
BN 20 mL Z& 1K VK R BE, FEFH & e (50 mLx3)
UL, A& IHAEHAH, G AR A& K (50 mLx3)
Ve, JoKBR BN T4, VB Tk 4, Rk I AT 2 b 4l ik
VR (& e FHEE = 20011, v/v) 4lifk, 13 1 4
55.80 mg, F“# 27.2%. 'H NMR (600 MHz, DMSO-d,)
d,: 8.36 (t, J = 5.8 Hz, 1H), 7.73 (d, J = 8.7 Hz, 1H),
7.49 (d, J = 1.2 Hz, 1H), 6.64 (dd, J = 8.7, 2.3 Hz, 1H),
6.58 (d, J = 2.3 Hz, 1H), 5.66~5.61 (m, 1H), 4.72 (d,
J =176 Hz, 1H), 4.70 (s, 2H), 4.07~4.01 (m, 2H), 3.86
(dq, J = 10.0, 7.1 Hz, 2H), 3.81 (s, 3H), 3.64 (s, 3H),
3.02 (qd, J=8.2, 1.3 Hz, 1H), 2.70~2.63 (m, 1H), 2.55 (s,
3H), 2.53 (d, J = 8.1 Hz, 1H), 2.05~2.00 (m, 1H), 1.17
(t, J = 1.6 Hz, 3H); "C NMR (151 MHz, DMSO-d,) J..:
197.13, 167.50, 167.40, 164.54, 159.60, 152.49, 141.00,
132.80, 127.16, 120.94, 110.85, 106.90, 101.23, 100.11,
67.92, 65.34, 56.11, 51.49, 46.69, 38.71, 38.61, 35.59,
31.65, 15.42; ESI-HRMS: m/z Calcd. for C,,H,,NO, [M+
H]" 460.196 6, found 460.196 4.

15 W) ID-2~ID-8 # AL &4 ID-1 (1) & BT 15
HEAT 5 Ao
210 7-(4-Q-ZEHE-S-BFEEFXREE)T BRE)H
E)-1-Z2 F &-1,4a,5,7a- 0 S -1H-3F [ Z 1% F [c] Mt
H-4-F2ELEAEE (JD-2) IR B B MDIRBA, 77 %2 36.4%.

'H NMR (600 MHz, DMSO-d,) d,;: 8.11~8.03 (m, 1H),
7.67 (d, J = 8.7 Hz, 1H), 7.48 (d, J = 1.2 Hz, 1H), 6.61
(d, J = 2.3 Hz, 1H), 6.59 (dd, J = 8.7, 2.3 Hz, 1H), 5.57
(d, J = 3.3 Hz, 1H), 4.10 (t, J = 6.2 Hz, 2H), 3.93 (dt,
J = 15.4, 47 Hz, 1H), 3.87~3.83 (m, 1H), 3.82 (s,
3H), 3.76~3.70 (m, 1H), 3.64 (s, 3H), 2.99 (qd, J = 8.0,
1.3 Hz, 1H), 2.66~2.59 (m, 1H), 2.51 (dd, J=4.0,2.2 Hz,
3H), 2.34 (t, J = 7.3 Hz, 2H), 2.04 (q, J = 6.9 Hz, 2H),
2.01~1.96 (m, 1H) 1.17 (t, J = 7.0 Hz, 3H); *C NMR
(151 MHz, DMSO-d,) d,: 196.76, 171.63, 167.40, 164.74,
160.75, 152.44, 141.45, 132.25, 126.80, 120.76, 110.86,
106.46, 101.12, 99.25, 68.32, 65.30, 56.04, 51.48, 46.70,
38.76, 38.54, 35.46, 32.41, 32.22, 25.21, 15.41; ESI-
HRMS: m/z Calcd. for C,;H,,NO, [M+H] " 488.227 9,
found 488.229 0.

211 7-(Q-Q-ZEE-S-FEEXEE)IHERE)H
E)-1-BH F £ -1,4a,5,7a- U S -1H-3F [} Z 1 3 [c] Wt
T-4-$2 B R EE (JD-3) VR B A HPIRIBAE, 7= 2 32.1%.
'H NMR (600 MHz, DMSO-d,) J,;: 8.39 (t, J = 5.8 Hz,
1H), 7.73 (d, J = 8.7 Hz, 1H), 7.49 (d, J = 1.2 Hz, 1H),
6.64 (dd, J = 8.7, 2.3 Hz, 1H), 6.58 (d, J = 2.4 Hz, 1H),
5.63 (d, J=2.9 Hz, 1H), 4.71 (s, 2H), 4.69 (d, J= 7.1 Hz,
1H), 3.84~3.78 (m, 2H), 3.81 (s, 3H), 3.64 (s, 3H), 3.46
(s, 3H), 3.06~2.99 (m, 1H), 2.69~2.62 (m, 1H), 2.58
(dd, J = 8.5, 6.4 Hz, 1H), 2.55 (s, 3H), 2.06~1.95 (m,
1H); *C NMR (151 MHz, DMSO-d,) d.: 152.26, 132.79,
127.37, 106.90, 102.00, 100.08, 67.88, 56.95, 56.11,
51.51,46.77,39.85, 38.55, 35.14, 31.69; ESI-HRMS: m/z
Calcd. for C,,H, NO, [M+H]" 446.180 9, found 446.182 0.
212 7-(4-Q-ZEBE-S-BEEFREE)TERE)F
E)-1-B 5 & -1,4a,5,7a- U S -1H-3F [ Z 1% 3 [c] Mt
H-4-FRERFREE (JD-4)  FL A PR, 723 38.2%.
'H NMR (600 MHz, DMSO-d,) 6,;: 8.06 (t, J = 5.7 Hz,
1H), 7.66 (dd, J = 8.7, 3.2 Hz, 1H), 7.47 (d, J = 1.2 Hz,
1H), 6.61 (d, J = 2.3 Hz, 1H), 6.59 (dd, J = 8.7, 2.3 Hz,
1H), 5.57 (s, 1H), 4.68 (d, J = 6.9 Hz, 1H), 4.09 (t, J =
6.3 Hz, 2H), 3.90~3.83 (m, 2H), 3.82 (s, 3H), 3.64 (s,
3H), 3.45 (s, 3H), 3.03~2.95 (m, 1H), 2.66~2.59 (m,
1H), 2.56 (t, J = 7.7 Hz, 1H), 2.52 (s, 3H), 2.34 (t, J =
7.3 Hz, 2H), 2.04 (p, J = 6.8 Hz, 2H), 2.01~1.96 (m,
1H); “C NMR (151 MHz, DMSO-d,) 6. 196.76,
171.67, 167.34, 164.74, 160.75, 152.20, 141.07, 132.26,
127.00, 120.75, 111.14, 106.45, 101.92, 99.25, 68.30,
56.92, 56.04, 51.49, 46.79, 38.61, 38.48, 35.02, 32.41,
32.21, 25.21; ESI-HRMS: m/z Calcd. for C,;H, NO, [M+
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H]" 474.212 2, found 474.213 2.

213 7-(Q-Q-ZEAE-S-BEEREE) ZERE)F
) 2-BHE-1-51K-2,4a,5,7a- T S -1H-3R [ — 5 7 [c]
MEAE-4-FRER R BE (ID-5) % o ([l 4K, 72 % 32.7%.
'H NMR (600 MHz, DMSO-d,) 6,;: 8.38 (t, J = 5.9 Hz,
1H), 7.72 (d, J = 8.7 Hz, 1H), 7.37 (s, 1H), 6.64 (dd, J =
8.7, 2.3 Hz, 1H), 6.57 (d, J = 2.4 Hz, 1H), 5.64~5.58
(m, 1H), 4.71 (s, 2H), 4.21 (dt, J = 16.5, 4.7 Hz, 1H),
4.00 (ddd, J = 16.7, 5.6, 2.8 Hz, 1H), 3.81 (s, 3H), 3.67
(s, 3H), 3.55 (d, J = 10.7 Hz, 1H), 3.40~3.35 (m, 1H),
3.08 (s, 3H), 2.73~2.65 (m, 1H), 2.55 (s, 3H), 2.11~
2.02 (m, 1H); "C NMR (151 MHz, DMSO-d,) J.:
197.11, 169.29, 167.54, 166.84, 164.52, 159.56, 140.47,
139.70, 132.79, 126.10, 120.94, 109.25, 106.85, 100.07,
67.91, 56.10, 51.73, 49.08, 39.93, 39.23, 37.47, 35.15,
31.69; ESI-HRMS: m/z Caled. for C,,H,,N,O, [M+H]"
443.181 8, found 443.181 2.

214 7-(4-Q-ZEE-S-BEEFREE)TERE)F
E)-2-FE-1-51/-2,4a,5,7a- 0 S -1H-IR K Z 15 F (]
ne OF -4- ¥ B A s (ID-6) [ (A [H 4K, 77 % 38.9%.
'H NMR (600 MHz, DMSO-d,) 6,: 8.09 (t, J = 5.7 Hz,
1H), 7.67 (d, J = 8.6 Hz, 1H), 7.35 (s, 1H), 6.62~6.57
(m, 2H), 5.56 (dt, J = 3.3, 1.8 Hz, 1H), 4.15~4.07 (m,
3H), 3.91 (ddd, J = 16.6, 5.7, 2.9 Hz, 1H), 3.82 (s, 3H),
3.67 (s, 3H), 3.50 (d, J = 10.8 Hz, 1H), 3.33 (dt, J =
10.8, 8.6 Hz, 1H), 3.07 (s, 3H), 2.70~2.63 (m, 1H),
2.52 (s, 3H), 2.35 (t, J= 7.3 Hz, 2H), 2.04 (p, J = 6.5 Hz,
3H); "C NMR (151 MHz, DMSO-d,) 6.: 196.77, 171.68,
169.25, 166.84, 164.72, 160.74, 140.95, 139.65, 132.24,
125.74, 120.71, 109.24, 106.42, 99.25, 99.22, 68.27,
56.03, 51.70, 49.01, 39.37, 37.49, 35.14, 32.41, 32.22,
25.20; ESI-HRMS: m/z Calcd. for C,;H,)N,O, [M+H]"
471.212 6, found 471.212 1.

2.15 7-(2-Q2-ZEE-5-REEFXEE) CEHEE)FE)-
1-E4X-2-8%-2,4a,5,7a-TU S -1 H-EF X Z )& [c]HLIE-4-
R ERES (JD-7) IRPEEAK, 2% 45.7%. 'H NMR
(600 MHz, DMSO-d,) d,;: 8.39 (t, J = 5.8 Hz, 1H), 7.72
(d,J=8.7 Hz, 1H), 7.37 (s, 1H), 6.64 (dd, J= 8.8, 2.3 Hz,
1H), 6.57 (d, J = 2.4 Hz, 1H), 5.62 (dt, J = 3.4, 1.9 Hz,
1H), 4.70 (s, 2H), 4.19 (dt, J = 16.3, 4.4 Hz, 1H), 4.00
(ddd, J = 16.9, 5.9, 2.9 Hz, 1H), 3.81 (s, 3H), 3.68 (s,
3H), 3.59~3.51 (m, 2H), 3.47 (dt, J = 13.6, 7.1 Hz, 1H),
3.37 (d, J = 8.7 Hz, 1H), 2.73~2.66 (m, 1H), 2.55 (s,
3H), 2.09~2.01 (m, 1H), 1.49 (h, J = 7.3 Hz, 2H), 0.80
(t, J = 7.4 Hz, 3H); "C NMR (151 MHz, DMSO-d,)

de: 138.78, 132.77, 106.86, 100.06, 67.92, 56.10, 51.76,
49.22, 48.63, 39.99, 39.25, 37.42, 31.70, 22.00, 11.24;
ESI-HRMS: m/z Calcd. for C,;H,N,O, [M+H] 471.212 6,
found 471.211 6.
2.16 7-(4-Q-ZEE-S-BEREFREE)T BERE)H
B)-1-85RK-2-AE-2,4a,5,7a-[0 S -1H- IR K = % F [c]
Mt OE -4- 35 B8 A BE (JD-8) 11 {0 [ 1k, 7 & 34.6%.
'H NMR (600 MHz, DMSO-d,) J,;: 8.10 (t, J = 5.7 Hz,
1H), 7.67 (d, J = 8.7 Hz, 1H), 7.35 (s, 1H), 6.63~6.56
(m, 2H), 5.56 (dt, J = 3.3, 1.8 Hz, 1H), 4.10 (m, 1H),
4.09 (t,J=6.2 Hz, 1H), 3.91 (ddd, J = 16.8, 5.8, 2.8 Hz,
1H), 3.82 (s, 3H), 3.67 (s, 3H), 3.58~3.49 (m, 2H), 3.45
(dt, J = 13.6, 7.1 Hz, 1H), 3.33 (dt, J = 10.7, 8.6 Hz,
1H), 2.69~2.63 (m, 1H), 2.52 (s, 3H), 2.35 (t, J= 7.3 Hz,
2H), 2.03 (q, J = 6.4 Hz, 2H), 2.01 (m, 1H), 1.49 (p, J =
7.3 Hz, 2H), 0.80 (t, /= 7.4 Hz, 3H); "C NMR (151 MHz,
DMSO0-d,) d.: 196.73, 171.64, 168.87, 166.83, 164.72,
160.74, 141.11, 138.77, 132.24, 125.60, 120.71, 109.42,
106.43, 99.22, 68.29, 56.04, 51.73, 49.16, 48.62, 39.74,
39.37, 37.45, 32.42, 32.22, 25.20, 22.01, 11.25; ESI-
HRMS: m/z Caled. for C,;H,,N,O, [M+H]" 499.243 9,
found 499.243 9.
3 GSK-3p3EsE MM E

18 FH| Kinase-Glo i 7 & N 41 GSK-38 1Ptk &
YIXF GSK-3B 1 VE AR AR AR AT o 7E 96 FLAR Ak X
BIN 10 pL Ak &4 (T = F B ARG LE I 58 22 v
0 A R E T TR M), 10 uL A E 2 GSK-38 (20 ng),
10 uL JE¥) (0.05 pg-pL™") 5 10 uL ATP (2 pmol-L™"),
37 °CH# & 30 min J5, #id A 40 pL Kinase-Glo i 7]
LB [ B, H38 T SpectraMaxi 3x & ¢ Y amE .
4 YHAASMIRE

K H CCK-8 i 7 £ (SparkJade, CT 0001-B), SH-
SYSY (BB R 24 43k ) 20 F ik V70 4 & 4 1 40 i
BTk KN A AR FL 1< 10° A4 i ) %35 B2 7 96 FL AR
% B IS, B2 45 25 B E O 50 pmol L. 7E
37 °C+5% CO, ¥ 55 N & 48 h &, 72 96 AL H (15
W, B FLIIN 100 puL 2 10% CCK-8 T AF W i) 15 9% 3,
37 °CiF & 1.5 ho )5 FH 2 DR B bR 7E 450 nm P K T
WITE L (OD,y,) 1H, THEA A S % .
5 WEREPIERNE

F CCK-8 5l & VM 4k & ) %F SH-SYSY 4 il &
PR 22 AR VE A o % 40 i DURE AL 1< 10° A 200 it 1) % 5
FE96 FLIRH IR E o K RE IR AL 37 °CL5% CO, Ky FE 77
FihrsgE24ah RIGF L. AHABIE AN, 5775
RS B N8 100 umol- L /BHP (5% 80 pmol L
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ABysy) M & Ziss s, WEH 24 h )G, 3F LR A,
FLANA 100 pL & 10% CCK-8 T AF W i 35 95 5, 37 °C
W5 1.5 he o FH 2 D RERE ARG TE 450 nm P K Ab
W52 OD, M8, TF H A M A7 V5 R . RS0 E 3K,
KA LA 394 + R ZE R R
6 =

SD K BB H 3 v, VPR IESR 5 SYXK (75)
2017-0040. FIT A 340 ¥ SE 56 782 77 ¥ 3K 19 5 oL v 1
KBRS T 92U Zh A4S H R A kv, b HE S
IACUC-20220202.
7 EBERRZENE

SD K BN B4R I Vi 1 15 0 22 0 40 B T B 1R
6 Tau M52 o K K SR 7 5 1) i P A0 1 s )
W ORFE 12 h R/ IE 3R . 7ESL3 i FE op, Zh ik
FHAIE20~25 g2 IAl. fEMRAGEE 18 K (E18) I X 4 Uik i
PE SD K B S it %2 4R A8, AIRTS4)) R A0 5, JF 40wl B
WA HUFE A E T B ARG T AT 12 LR
o, 23 N X R 4 (DMSO) b & W4 (ID-5.JD-7)
1B M 6 BE 4H (SB-216763). i i WB 43 #7 % 41 Tau
TARRIE. H, —3H R p-TauSer” 1 IR 15 7+
PEHLAAR AN Tau PLAA (Abcam, 73 524 1:1 000 F1 1:500),
ZHUCA— PR B (Abcam, 1:500).
8 HFXE

M RSCB Protein Bank %4 & 3k Hl GSK-34 5 stau-
rosporine [ E &%) . B8 A KT, HECA IR
PEBC A, FEIEBEE C FID. X A BT RE R AL D
AMMESEETE - Ry . 2 H SYBYL-X2.1.1
Analyze Results 15 JU | Wr A6 & ¥ 5 52 44 11 7E FH AR =X,
Sequence Viewer 58 F T fiff i G S & SR vk 5k o K%
X4 45 ALK “Mol2” SCAF 3 N A Pymol 2.3.1, B Ze i
SE FOMAN B, SR G I B = AR A HLAE I R R TR Tk A, 22
AR ELAE FH 0, JEX0 A O S5 S S K R AT B A
5, 5 R 4 A ECVE AR K AT AR e,

P Sk V0T ST & RIS R B 3
BRI 58, SEMAAT U 72, SR AR AE; AT Lk FNIL &
US4 T A BRI TAE SCRE; FR A0 0057 30 /0 AR s ME AR T
{E; TR A SRR TSRS, W SO, L HTR L.

FIEEMSE: A SCTA RS B A AER G R R
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