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Protection against 6-Hydroxydopamine-Induced
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Zhang, Xinyi* Yuan, Sheng” Zhao, Jiagiang" Zhang, Lei’
Zhang, Chao” Wang, Rikang” Chen, Heru™**
(“ Institute of Traditional Chinese Medicine and Natural Products, College of Pharmacy, Jinan University,
Guangzhou 510632)
(® National Pharmaceutical Engineering Center for Solid Preparation in Chinese Herbal Medicine,
Jiangxi University of Traditional Chinese Medicine, Nanchang 330006)
(° Guangdong Province Key Laboratory of Pharmacodynamic Constituents of TCM and New Drugs Research,
Jinan University, Guangzhou 510632)

Abstract Seven gardenamide A (GA)/tacrine hybrids have been designed and synthesized. Firstly, 10-gardenamide A (DG)
aldehyde was prepared through 5 steps reactions applied genipin as starting material. The overyield was 20.4%. Then,
N-terminated aminoalkyltacrine (TN-n) was synthesized via 4 steps reactions started from o-aminobenzoic acid. The overall
yield was 50.0%~65.4%. After that, DG reacted with TN-n at the presence of appropriate reductant leading to the target
compounds. The yields were from 37% to 54%. The structures of all the target compounds were confirmed by 'H NMR, '*C
NMR and ESI-MS. The bioactivities of all the hybrids were evaluated by setting up 6-hydroxydopamine-induced impaired
PC12 cell model. It was indicated that two hybrids TNG-1 and TNG-5 showed better neuroprotective activity than tacrine, GA
or their combination. Based on this fact, it was proposed that the hybrids TNG-1 and TNG-5 were better drug-like candidates
than both monomers.
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R 7% ¥ BRORE (Alzheimer’s Disease, AD)E —4H 5F i
PEZ R BEALH B, RS LB 2 A7, FES
i A RELR 7K P B FRAIG S B-E o B 2 T (AB) R SR AR BT
AR 45 5 7K1 2 TR 6 8 5 7K1 e o 38 v DA
SRR RORESE Z AP AR OC. BEX 2 R, B
KR 2 [ 25 W) % 2N W] 2 BB AR 5 1) 1 25 ) T SR
(multi-targeted-single-ligand approach, MTSL), ElKZ A
ANEFE AR RS T — N BT — NG
Yo, (A0 e A 2 R 2y B PN, X —SRmE H T B
VR B RR N2 ay7 hAR SR . Bln, SEEALK
2 ) B AE 7 2 B8 R IR o ) R 36 il 2E N
(ALIMTA), B Rediii] 2 A 5 ER R Gi A K R IE 1,
O NI R B TP S — A B R R
Omapatrilat, ‘& A& % [F] i 8 [ I8 5k 3R AL g A ph 22
WIKEE, DA SEIIERYT I T B R EE 7T B A0 /)
TEWRIT R T WG RBF AP, 40 Netoglitazone, ‘& fE
% [F] I 3 [ i SR A DB A S JE O 24K o R0 B, S —Fh
WA, H AT T 1AV R IR TT I 11
I ARAF 7.

TEAPEEIRAT PRI 2R 5 7 TH, 22 ¥EhR S A0 1Y
2t SR A T2 SR MR At
TIRYT AD HlIm PR 254, A58 A (tacrine)# #% FH T MTSL
B — AN 2450 T, 1996 4F, Pang SV H+4 i
T — R Y AR BB R R AUt 5 AR 54, FERE
J 00 24 B PR S 5 R BT W H S B XU s AR
G AChE M) v 14 35 BU SR A5 FH A s R Pl 42
T, AR Ee Al s bR/, 2007 4, Bolognesi 257 ¥ it
FEE LT = A b A B R AN R 0t se R A 5. 1
B 5 R PRI I, 3K 2 A D AN A R R I g
AOAR BHIEIGE M, R R SRS R DR
Rodriguez 25" ¥ fth 7 bk 5 48 B ZAHIE, Je )5 Wit T
— RIATHER), FUESSZ R YR G AME B fh e AR
SR PR AR B A s 1, T B R A R R R P D e
A et RS el (S e R T N e g 3N e RV E
6 B, A&t AChE 19 1Cso {HIEF] 8 pmol-L ™', 2 H Al
B AR B 5R A AChE #1712 —.

AR ALERT R IR I F Bt A (gardenamide A,
GA) ARG T KB, GA X I i Rk ek 6-F 2 1
ff 2 (6-OHDA) W S (¥ PC12 2 dii 4 B A AR L fry i
SR ER, HAERINLH] 2@ i [ s s 4 o —
AR A LG (aNOS) F1 N Bz B A — AL B A R
(eNOS)HIE 1, 4% P13K/AKT Al ERK1/2 15 51l % %
kg K, B RARRKPUEARE Y], AT LAFE#h
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ZRAT MO TR R AEE R R, R GA MZE
s AR AR, IO R 2 AR T 28,
Al B R I ELHE AD 72 A R 2R AT VR BB S AER
TR A, ASCIRIE TR APPSR R T
fE. BARRIE T GA-fh etk R 512 &AW & U
X 6-OHDA 453 1) PC12 4 i £ 76 FH (IR 5 A T &5

1 GRS

25 GA-h TR G AL AW TNG-n ()5 R 26
41 Scheme 1 fff7R.

562 10-0E T B E A-BE(DG) & K. Haiiktb &
) GA 4 S IECHR[9). %8R 2 1 Je R 58 F C-1
I C-10 FRIE S BIG ik Mk 22 57, 759K /E R T,
S C-10 FREEMIE PRI RS, ISR 89%; MALEDI G-3
% GA, SCHRRFH S N LR P AR 2 — R 60 T 2
FEEL(TBS)I W 32, AP ICRE 3508 30%H1 86%, &
WA 25.8%; ASSEEGNT A T ekodt, BP A BERZ IG5 AN
SrEEAEN TBS, MBI ig =3 33.8%; ¥ GA
HC-10 B AH BT -5 T 7 (Dess-Martin periodine,
DMP)!" > Ak, Lh 85% IR 5 5] DG. C-10 5
MEATEIR MR C-1 MLl K, RIFERI AL
7 DMP, C-10 #3EHI%ELIRITEEL 6 h A REX B 5E 4,
M C-1 (A HFHE 2 h

RHML A N-AR b 2 J St 3 At 78 AR (TN-m) ) 5 B
ZOCER[14]ET. BB AE R AR 2 2K H R 9 &)
IR, AHE B R, AR S0 R A1 A K H R
BefE N BRI R R, £ NaOH B S AL/K iR 15,
PR HR[14], 9-5UR-1,2,3,4-DUENY i, BN GUACAD 72 Ak
(T-4) S MRS B e 1- B [, FER 40 h,
5 L 66%~89% MU 3K 1F R AT BEAL G4, ARSE
22 I A AL KT (10 mol%), T LA S5 i I 1] 4 4
% 8 h, DUKEUH MMIRIRTG N-HIVIE e L&)
TN-n(% 1). 1EHINA, MR KA DL A
T, MR SR B N U R BB At T AR, O T 46 RS . B
B, SREGRIN, ALE 3~5 AN %, SOSICR T .
Hop, B3-SR e, N 85% (3K 1).

AHHBME A GE DG 5 TN-n (138 J5 %
PN R IRAS. %I SCHR[15], AT IR R B ALy, 18
F R R Ak ah, B AT RI#RE L, #Ae
% B D3 J5 R ()44 Schiff BN M43 21 H brfb &4, ARk
IR IRATR I, TN-n [ (B EE K AN, B n AEAN[H
B, 7RI 5 AT 75 ZER AR PR R R 4 n=1~4
B, i B A A S ) A By T A S A g
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Regents and conditions: (a) TBSCl/imidazol, THF, r.t., 89%; (b) DMP/DCM, r.t., 80%; (c) NH4Ac, Py, 110 °C; (d) TFA/THF, 80 °C, (c) and (d)
two-step yield 33.8%; (e) DMP/DCM, r.t., 85%; (f) sat. NaOH, reflux, 95%; (g) cyclohexone/toluent, reflux, 89%; (h) POCIs, 120 °C, 91%; (i)
diamines, Kl, 1-pentanol, 160 °C, 65%~85%; (j) NaBH4+/MeOH, 0 °C, n=1~4, 38%~45%); (k) NaHB(OOCCHj3),, 1,2-dicloroethane, r.t., n=
5~7, 37%~54%.

BR1 R GA-fb e bk A A AL S BT AR
Scheme 1 Design and synthesis of GA-tacrine hybrids

£ 1 WA TN-n F1 TNG-n [ IR TEE R EN 100%; 1589 M H W& LB 200

Table 1 Yields of compounds TN-r and TNG-n pumoleL”~ ') 6-OHDA Tkt 2 h, FEIFE 24 h (11 PCI2
Compd. n  Yield/% Compd. n  Yield/% A, AN RZ MTT 3£ 5E 9(38.99 4 1.70)%;
TN-1 1 2 TNG-1. 1 45 FAZG 2 S 2 4R P29 200 pmol=L ™! 7 6-OHDA ik
TN-2 2 85 TNG-2 2 42 o e s RIS
NG 3 ol INGS 3 18 B2 hJE, P IMALERIL 3, 10, 30 pmoleL " I
TN-4 4 79 TNG-4 4 43 2%, FWEE 24 h, KIHAMRAAESR, S5RNE 2 #
TN-5 5 67 TNG-5 5 37 1.
TN-6 6 71 TNG-6 6 54

- A 4

NG 7 65 TNGT 7 ” #£2 TNG-n ZIMLEYIX 6-OHDA 311 PC12 41345 1

ORI P (AT 385 2/ %)
T. B HFE M EANE R 5 =4 i s> B 5 Table 2 Neuroprotective effect of TNG-n on the cell viability

ﬁ. B alify, NSk 18 AL A I RE S %) (H of PC12 cells induced by 6-OHDA (cell viability/%)

AW n=5~7 N BArb &, RS a2t Compd. - CTNG_,,/(:L(r)nolOL’l) -
ML {EAIER, DG 5 TN-n Jj@zﬂ}iﬁ“&%}if i AR 44424190 4735+3.87  50.82+291
WCRARAS, BRI 7 5 A0 W EL BRI A 7225 Ui GA 44314783 5256+506 64114123
ZJa, &K EFE R T = OB E LA, A TNG-1 4756+1.56  59.23+2.03* 71.17+1.76%*
W R BLE R 1,2- 58 ke, ERIR&M T Rk TNG-2 37931263  53.41£099  37.64+6.48
. BN N TNG-3 39204+3.98 44714254  49.31+5.68
‘T JEHMCET’ BRGEI A LAY, %&Hﬁﬁ ﬁﬁiﬁﬁj TNG-4 42724791  542317.61% 6522+2.72%%
[ KRG, —HAE 6 h WRIHSSRI5e 4, MR TNG-5 49.61+3.76  54.70+0.88  72.78+1.06
W, By BEdith. T = 2 BEEEAL N R R TNG-6 36.024+6.25  31.59+6.81  36.92+3.68
Be JAH LI S AL B FIE I S AL BN, DRI R Re ik Bk TNG-7 354543.19 34.00%166 44.17+9.65
AT JE R T R TR R 6, AR, e Percemats of ol viabliy was preseted s mean 2D for ix epl
= LIREIEM SN T R, TR ARA KPR s fe rp 7 X ) B ) X
S B TNG 2 S R U5 T 1, Al LB B, AR 2G4t TR BOR H S A S R P

K TAERI 5 % B (6-OHDAY A Sftng gy e RN 30 umoliL W, AMLAEI 4 5(s0.82.+
‘ N ~ b 2.91)%, LERIRIZHANRAEE R IGIN 30.3%; HihZ5 GA
YT PC12 HIRHIACE B 5 5L AR 40

(R F. S FFEATE (T Ty A 2. iﬂuruﬂttﬁmﬁwﬁjﬁa’]ﬁjﬁf[ﬁ:{fﬁ ;ﬂﬁﬂzﬁ BN, H ;
A7 6.OHDA ALT84 TE% PC12 41, HLAH Y M A7IE RN (64.11 1 1.23)%, LR TR 20 41 it 77 35 2 1
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Figure 1 Neuroprotection of tacrine, GA, TNG-1~TNG-7 against 6-OHDA-induced toxicity in PC12 cells
PC12 cells were pre-treated with 200 pmolsL ' 6-OHDA for 2 h, following the treatment of tacrine, GA, TNG-1~TNG-7 at a dose of 3, 10 and 30
umoleL ', respectively. And then the cells were incubated for another 24 h. Cells viability was determined by MTT assay. ##p<<0.01 vs. control group;

*p<<0.05, **p<<0.01 vs. 6-OHDA group (n=6)

H164.4%. FHLEZ T, GA-IE KA EY) TNG-1 71 TNG-5
£ 30 pmoleL " EHUE AR ARG EH, HAMAE R
I AIN(T1.17 £ 1.76)%A1(72.78 £ 1.06)%, LU % 784 25 241 fifg
TEIEH N 82.5%A1 86.7%, H EFIEMHmE, HAR
POE H ZE L AR 2 M e MR AT GA B S — AW
TNG-4 27~ GA MHIE LRI ER, T2 &%) TNG-2 £
10 pmoleL " B/RAFA R, 785 e B AR BoR b4 (3
PUEH; HEEE, 4459 TNG-3, TNG-6 fil TNG-7 {E
FIT ARSI B4R B8 50 BBl P 30 AR 7 A 2 R .

A UL, TNG-n 4t e KR GA &5 Fafsb 2 18] ik B
KRS A SR A ST, & KR, fEARSR
Hon=1F15, RIMFEERTh 2 A6 ANk IiEER,
WA A A T OE M TR B, AT B B A
b A A 22 AR i k. (B L B AL, 8
5 BB 2N U S PAIE 5E.

HE—Dh, ASLIGHE T TNG-1 1 TNG-5 5
ARGV EL 10 1 BRE A &R 1 S 1
(FE2). YIFHIERIEEA 101 B TEAR/GA BEA 2595
WA o LG AR 2 g i, g TS GA ML,
1M TNG-1 £l TNG-5 43 27 8 2 1 & ik, i B
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B 2 MhTIAK(T), GA (G), 1:1 BEEH% T+GUERIKRELL
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Figure 2 Comparison of the neuroprotective effects of tacrine
(T), GA (G), drug combination T+G (T : G=1 . 1 in concen-
tration), TNG-1, and TNG-5 against 6-OHDA-induced impair-
ments in PC12 cells

PC12 cells were pretreated with 200 umoleL ' 6-OHDA for 2 h, and then
tested samples at the dose of 30 umoleL ' were added, respectively. After
that, cells were incubated for another 24 h. The cell viability was deter-
mined by MTT assay. ##p<<0.01 vs. control group (Ctrl); *p<<0.05,
**p<<0.01 vs. Cort-treated group (n=06).
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S RN GA I IE 24 7 sUBERR I 2 S WD RE 5 117 R Db )
TR, TTRERRZGTE I ik b &4,

2 ZEig

WA AT 71 GA-fh kI &, &5l e F
KEEL, 25 B RMNAR 10-0E T B A BE(DG), MUk
R 20.4%; FFLAARE LK PR R AR R 4 4 25 ROv
AR N-AR i 28 5 ot ZE At 50 AR (TN-n), SIS 50.0%~
65.4%; )5, DG 5 TN-n {EGEMIRIRFIEH &I
JF AL 3RS AR &Y, IR 37%~54%. [FII @SN
¥4 [1(6-OHDA)F FHI K PC12 4 kAL £ 51 4
BT AEDIE VI, &P TNG-1 f1 TNG-5 EA L
fh bk, GA &I 10 1 BEA W HE LM &Ry EH,
M Z AW vT BE LA B 2 M o B 0 25 2 1

3 S
3.1 UES5HF

NMR #£E Bruker-AV300 MHz B2 i SLPRA (B 1
Bruker 2 #]) FillsE; K #F % 7E Finnigan LCQ Ad-
vantage MAX EIlE; =43 #45T3E 7E Applied Biosystems
Q-STAR Elite ESI-LC-MS/MS Jiii it 1 il %€ . DHG-
9140A BUE R T 1A (I R R F R AR A TR A A);
CLIBQ-3 B G W 74 848 R MR TR AR A
Fl); EYELA e 28 KA R 3 BRAL 23 BB 58 1))
LGJ-12 AT IR AL ST S04 T A3 A BR A A,
FA2104 Ao R P (Rl fE B 22 A A IR A A,
TU-1810S 84143 Ot BE vh (AL 5 A il A 25 A BR 2 /),
LC-UV100 & AH 3 A (g R B AR A R A D),
Cosmosil 5C18-MS- II 1% #+ (Nacalai Tesque Inc., H
A); DZF-150 A1/NY B 146 G PN A IR T 5 A R
2 w]); KQ3200E AUk S 5 i e (B LU il e A 2 A B
/2 7]); HERAcell CO2 ¥57748 X(EE M A R); ZIhhe
B (1 [E Sartorius A F]); HJE T T HES B A
BHEA PR AR, bR 8- 5 TG0 B R ai Ay
BHEE A BR 2 w5 A vd AR 3 74 R 3 - B 3 5L 37 A |
PC12 4Hfulg 5 Figrh ER 2 SHMpE, H/RBRS R
g /R K5 7R (DMEM) W H 36 [ Invitrogen 2 w]; FBS Al
PBS 14 F 3£ [E Hyclone /A #].

&M ELDCM)IN P,Os Bl 3~4 h, &M H; M
SR (THF) AN 22 713 3~4 h, ZIE&H. (h&Y
G-2, G-3 I GA 118 18 FL 45 1) 4 8 B 7] SCHR[9).
3.2 ZWHE
3.2.1 (4aS,7aS)-7-F Bt A& -1- A E K -2.40,5,7a-19 A -
LH-7% 35 [c] o -4- F BR F BE(DG) 49 Ak,

FREL GA (100.4 mg, 0.45 mmol) T 25 mL (5] JE k2
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L N 8 mL TR &R BT AR, SRS FERR
B a5 T 3RX55)(384.5 mg, 0.90 mmol) 7 #E I A2 ik
RNAK R, RNAR R RIREBCRES. IR NN
6 h, BEJGAEVKIE TIE 0.5 h, BRI, I & Tk
VERIEE, GIFUEM, BRAERR AN, TR WAL E T
(B 2B 2T, vV v=1: DO EEIAGHRY
84.5 mg, & 85%. 'H NMR (300 MHz, CDCL3) §: 9.84
(s, 1H), 8.59 (s, 1H), 7.28~7.24 (m, 1H), 6.97 (s, 1H),
3.94 (d, J=9.0 Hz, 1H), 3.73 (s, 3H), 3.54~3.52 (m, 1H),
3.13~3.10 (m, 1H), 2.41~2.38 (m, 1H); °C NMR (75
MHz, CDCly) d: 188.2, 170.1, 166.7, 150.8, 144.9, 134.2,
109.0, 51.7, 4.7, 40.3, 37.5; ESI-MS m/z: 220.1 [M—H] .

BRI I IR A L 2 S R 2 b S BT 1) 7 2.
R 95%, 1% 146~148 C([FSCHR[16]1H).
322 1,2,3,4-99 .71 °Z-9(10H)-ER(T-3) &9 & &

FREUAR R FE A H R(10.0 g, 73.0 mmol)F13 L (8.6
g, 87.6 mmol) T 250 mL [FE N, B35 mL 2R
filt, Beor/KE%, 16 120 CHaMAEG 5 h,, SEAER
EREA. BHEER, AOREIREG ST, HiKin
EHAHR 0 C, ARELRFEGE AR H. Hhik, JEDF
SRR, SRR, B TREH AR 16.0 g, K
K 89%. KA 142~144 COCBEME! 143~145 C).
323 9-fAK-1,2,3,4-v9 £,7Y 72 (T-4) 69 & mk,

L 70 mL = &AM 500 mL [BJEEEH T, Fx
U T-3 (13.9 g, 64.2 mmol)7-#UINA B Fik e Nk F .
16 120 CiB AR 2 h, M R R AR 4
AR R R ER G, B R BR G Y= A KK
o R R A AN KT RO T pH (E % 11 A4, SRR
SN RV IR 21 6 A8 SRR o R, A 8 4 [
M, AT BERREL(100 mLX3), & IFAE UM, WAl
AN TR, TOKBREREN T8, HeZ8BRia G B
T, Bk O AREA 13.8 g, WK 91%. mp. 65~
67 ‘CCCEMEM 66.5~67.7 ‘C); '"H NMR (300 MHz,
CDCLy) 6: 7.96~7.92 (m, 1H), 7.85~7.82 (m, 1H),
7.53~7.47 (m, 1H), 7.37~7.31 (m, 1H), 2.98 (d, J=12
Hz, 2H), 2.77 (t, J=12 Hz, 2H), 1.83~1.70 (m, 4H).
3.2.4 41L& TN-n 894 sl %

SIESCHR[ 1414 k. FREL T-4 (0.25 g, 1.15 mmol).
AH N —f%(8.65 mmol)Fl 10 mol%f# 4t & FIfl Ak 47 in A
25 mL MEEFF, SRR S mL 1ERENA R
MR R, 1E 160 CMEHIENR 8 h, HE RBHEE
PRI EIRIR. PR PR RFZR SR, HETS RS
65~80 C &M TR ZE B IELRE, 285 A 20 mL [¥)
SEMNEI Q2 moleL ™Y, ARG mLX3), &
FHAE YA, FMA SR D%, ToKBRER AN T,
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WEZE B 223557, R B AL Z A (&0 R/ 2K, Vo
Vi V=25:11:0.005), 5 OHIRY.

N-Q2-F 3 2 3) i 5w MR (TN-1): B EHIRY 0.20 g,
% 72%. "H NMR (300 MHz, CD;0D) d: 8.11~8.08 (m,
1H), 7.79~7.76 (m, 1H), 7.58~7.52 (m, 1H), 7.40~7.34
(m, 1H), 3.73~3.68 (m, 2H), 3.63~3.59 (m, 2H), 2.98 (t,
J=12 Hz, 2H), 2.79 (t, J=12 Hz, 2H), 1.93~1.89 (m,
4H).

N-(3-% 2% 1E TR 88 ) fth 5 AR (TN-2): 20 €8 31 IR 9 4
0.25 g, Y 85%. '"H NMR (300 MHz, CDCls) 6: 8.15 (d,
J=9 Hz, 1H), 7.86 (d, J=9 Hz, 1H), 7.64~7.59 (m, 1H),
7.44~7.38 (m, 1H), 4.1 (s, 2H, NH,), 2.66 (t, J=12 Hz,
2H), 2.39 (t, J=12Hz, 2H), 2.27~2.19 (m, 2H), 1.55~
1.42 (m, 4H).

N-(4-Z FE 1T 2 Al o AR (TN=3): 3 €0yl R A4
0.25 g, Y 81%. 'H NMR (300 MHz, CDCls) 6: 7.93 (d,
J=6.0 Hz, 1H), 7.87 (d, J=6.0 Hz, 1H), 7.53~7.49 (m,
1H), 7.32~7.29 (m, 1H), 4.18 (s, 1H, NH), 3.47 (t, J=
12.0 Hz, 2H), 3.02~2.98 (m, 2H), 2.95~2.93 (m, 4H),
2.71~2.66 (m, 4H), 1.67~1.62 (m, 2H), 1.54~1.49 (m,
2H).

N-(5- % Jk TF 368 ) Ath o AR (TN=4): 28 € 3 R 44
0.24 g, W% 79%. '"H NMR (300 MHz, CDCl5) 6: 7.93 (d,
J=6.0 Hz, 1H), 7.87 (d, J=6.0 Hz, 1H), 7.53~7.49 (m,
1H), 7.32~7.29 (m, 1H), 4.18 (s, 1H, NH), 3.47 (t, J=
12.0 Hz, 2H), 3.02~2.97 (m, 2H), 2.95~2.93 (m, 4H),
2.71~2.66 (m, 4H), 1.67~1.62 (m, 2H), 1.54~1.49 (m,
2H), 1.45~1.41 (m, 2H).

N-(6-28 5= 1 O ) fth 32 AR (TN-5): 35 €0yt R U A
0.23 g, Y& 67%. "H NMR (300 MHz, CD;0D) ¢: 8.07~
8.03 (m, 1H), 7.78~7.74 (m, 1H), 7.54~7.49 (m, 1H),
7.35~7.29 (m, 1H), 3.47 (t, J=12 Hz, 2H), 2.95 (t, J=12
Hz, 2H), 2.69 (t, J=12 Hz, 2H), 2.54 (t, J=15 Hz, 2H),
1.90~1.85 (m, 4H), 1.64~1.55 (m, 2H), 1.43~1.23 (m,
6H); *C NMR (75 MHz, CD;0D) §: 159.3, 153.3, 148.2,
129.8, 128.3, 124.8, 124.5, 121.5, 116.9, 48.3, 42.5, 34.4,
33.8,32.4,28.0,27.9,26.3,24.3,23.9.

N-(7- % Jik 1F P2k ) fth o AR (TN-6): 28 €4yl R 5 44
0.26 g, W% 71%. 'H NMR (300 MHz, CD;0D) §: 8.06
(d, J=9 Hz, 1H), 7.76 (d, J=9 Hz, 1H), 7.56~7.50 (m,
1H), 7.36~7.31 (m, 1H), 3.49 (t, J=15 Hz, 2H), 2.96 (t,
J=12 Hz, 2H), 2.71 (t, J=12 Hz, 2H), 2.60 (t, J=12 Hz,
2H), 1.89~1.87 (m, 4H), 1.62~1.55 (m, 2H), 1.43~1.39
(m, 2H), 1.25 (m, 6H).

N-(8-%, 2 1E = 55 ) Ath 58 ARk (TN-7): 2 €8 31 IR 9 4

878 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

0.24 g, W% 65%. 'H NMR (300 MHz, CD;0D) §: 8.06
(d, J=9 Hz, 1H), 7.75 (d, J=9 Hz, 1H), 7.56~7.50 (m,
1H), 7.36~7.31 (m, 1H), 3.49 (t, J=15 Hz, 2H), 2.96 (t,
J=12 Hz, 2H), 2.71 (t, J=12 Hz, 2H), 2.60 (t, J=12 Hz,
2H), 1.89~1.87 (m, 4H), 1.62~1.55 (m, 2H), 1.43~1.39
(m, 2H), 1.25 (m, 8H).

3.2.5 &4 TNG-n (n=1~4)89 & il ik

FREUEL A DG (55.3 mg, 0.25 mmol) T 25 mL & &
B, 10 mL T T EEME, IALEY) TN-n
(0.25 mmol), S5 FHIMADEEE T T, SR
P4 hE, 20 CHRERZM Y, HEEF4E S min,
FREUF LM AL 54(50.0 mg, 0.75 mmol) I £ jz vtk &
o, KB RBL 24 h. ]RGS, =T e R L
#, WAEAEE R, H AR OBEHER(20 mLX3), &
HAVAE, SN R BES, ToK RN T 1%,
YR, VEMRNE A PR AN, PR RS, T
ODS #F, mRGHART & (BTN R EEK, Vi Vy=65:
35), 1FEIHFREY).

N-[2-(10- £ EME T W fE A-28) & 3k £ 38 ) 4th o Ak
(TNG-1): ¥ # O HPIRK 48.4 mg, WS 45%. "TH NMR
(300 MHz, CD;0D) ¢: 8.10 (d, J=6 Hz, 1H), 7.77 (d, J=
6 Hz, 1H), 7.58~7.52 (m, 1H), 7.39~7.34 (m, 1H), 7.14
(s, 1H), 5.69 (s, 1H), 3.72 (s, 3H, OCHj), 3.70~3.60 (m,
2H), 3.58~3.44 (m, 2H), 3.31~3.29 (m, 2H) 2.96 (t, J=
12 Hz, 2H), 2.87~2.80 (m, 1H), 2.83~2.78 (m, 2H),
2.80~2.72 (m, 2H), 2.18~2.02 (m, 1H), 1.93~1.82 (m,
4H); "*C NMR (75 MHz, CD;OD) &: 172.2, 168.8, 159.0,
153.1, 147.6, 141.7, 136.5, 134.8, 129.9, 129.1, 127.8,
124.4, 121.3, 117.3, 111.0, 52.0, 49.9, 49.6, 49.4, 48.5,
41.2,38.3,34.0, 26.1, 24.0, 23.6; ESI-MS m/z: 447.5 [M+
H]+, 446.0 [M—H] ; ESI-HRMS calcd for CysH3N4O3
[M-+H]" 447.2396, found 447.2394.

N-[3-(10-Z 8 T Bk A-2E) %0 1E 7R 58 )4t 7 A
(TNG-2): W #E O HPIRK 46.6 mg, U 42%. "H NMR
(300 MHz, CD;0D) ¢: 8.12~8.09 (m, 1H), 7.76~7.73
(m, 1H), 7.58~7.52 (m, 1H), 7.39~7.34 (m, 1H), 7.15 (s,
1H), 5.68 (s, 1H), 3.72 (s, 3H, OCHs), 3.63 (t, J=12 Hz,
2H), 3.48~3.44 (m, 2H), 3.42~3.37 (m, 2H), 2.96 (t, J=
12 Hz, 2H), 2.84~2.78 (m, 1H), 2.73 (t, J=12 Hz, 2H),
2.64~2.60 (m, 2H), 2.14~2.06 (m, 1H), 1.94~1.78 (m,
6H); *C NMR (75 MHz, CD;0D) d: 170.9, 167.4, 157.6,
151.7, 146.3, 139.9, 133.4, 128.4, 127.8, 126.4, 123.4,
123.0, 119.7, 115.2, 109.6, 50.6, 48.5, 46.5, 46.1, 39.8,
37.0, 36.8, 32.7, 30.2, 22.7, 22.3; ESI-MS m/z: 461.5 [M+
H]+, 460.1 [M—H] ; ESI-HRMS calcd for C,;H33N405
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[M-+H]" 461.2553, found 461.2549.

N-[4-(10- 2 08 T Wk G A-3%) % FE IE T JE 4t 7 AR
(TNG-3): % F R4 43.5 mg, WK 38%. 'H NMR
(300 MHz, CD;0D) §: 8.10~8.07 (m, 1H), 7.77~7.74
(m, 1H), 7.56~7.51 (m, 1H), 7.37~7.32 (m, 1H), 7.15 (s,
1H), 5.70 (s, 1H), 3.72 (s, 3H, OCHj3), 3.54 (t, J=12 Hz,
2H), 3.47~3.38 (m, 3H), 2.96 (t, J=12 Hz, 2H), 2.86~
2.78 (m, 1H), 2.74 (t, J=12 Hz, 2H), 2.56~2.51 (m, 2H),
2.17~2.09 (m, 1H), 1.94~1.85 (m, 5H), 1.71~1.50 (m,
4H); 3C NMR (75 MHz, CD;0D) ¢: 172.3, 168.8, 159.2,
153.1, 147.9, 141.2, 134.8, 129.7, 129.3, 128.0, 124.7,
124.4, 121.3, 116.9, 110.0, 52.0, 50.0, 49.8, 49.5(2), 41.2,
38.4,34.2,30.0,27.6, 26.2, 24.1, 23.7; ESI-MS m/z: 475.4
[M+H]", 474.2 [M—H] ; ESI-HRMS calcd for C,gH;s-
N,O; [M+H]" 475.2709, found 475.2706.

N-[5-(10- 2 08 T Bk A-3%) % JE IE I i 7 AR
(TNG-4): % FE AR BA 50.8 mg, WK 43%. 'H NMR
(300 MHz, CD;0D) §: 8.10~8.08 (m, 1H), 7.77~7.74
(m, 1H), 7.57~7.51 (m, 1H), 7.38~7.32 (m, 1H), 7.16 (s,
1H), 5.74 (s, 1H), 3.72 (s, 3H, OCHj3), 3.54 (t, J=12 Hz,
2H), 3.48~3.43 (m, 3H), 2.96 (t, J=12 Hz, 2H), 2.89~
2.80 (m, 1H), 2.74 (t, J=12 Hz, 2H), 2.58~2.45 (m, 2H),
2.21~2.11 (m, 1H), 1.94~1.86 (m, 5H), 1.70~1.60 (m,
2H), 1.56~1.46 (m, 2H), 1.42~1.35 (m, 2H); *C NMR
(75 MHz, CD;0D) ¢: 172.3, 168.8, 159.2, 153.2, 147.9,
141.1, 134.8, 129.7, 129.3, 128.0, 124.7, 124.4, 121.3,
116.8, 110.0, 52.0, 50.1, 49.9, 49.7, 41.3, 38.4, 38.3, 34.2,
32.1,29.9,26.2, 25.6, 24.1, 23.7; ESI-MS m/z: 475.4 [M+
H]", 4742 [M—H]"; ESI-HRMS calcd for CpoH;;N,O4
[M+H]" 489.2866, found 489.2869.
3.2.6 A4 TNG-n (n=>5~7)8 & ril ik

FREUL A4 DG (55.3 mg, 0.25 mmol) T 25 mL i
Fefih, A 10 mL )& SR, IMALEY) TN-n
(0.25 mmol), A5 FIMADERZENL ST/, iR
P2 h 5. (REFEIR, FRE= ABESESEIE L EN0.16 ¢,
0.75 mmol), FHE RIS SR R p, 4k SR
R4 h, RZER, ZE TR, AR R S i v v
K, LR B0 mLX3), &HHEIM, HmME
BNV IR, ToKIRER AN T4, A FR a7, bk
V) FHE B R R, )\ SRR S (ODS) A, w1 20
FH S (UEBF N R K, Vi V=451 55), 58 Hirk
“1.

N-[6-(10- 225608 T Bk G A-3%)&(FE IE 28 i 7 AR
(TNG-5): %3 iR 44.9 mg, WK 37%. 'H NMR
(300 MHz, CD;0D) §: 8.10~8.07 (m, 1H), 7.77~7.74
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(m, 1H), 7.56~7.51 (m, 1H), 7.37~7.32 (m, 1H), 7.15 (s,
1H), 5.75 (s, 1H), 3.71 (s, 3H, OCH3), 3.52 (t, J=15 Hz,
2H), 3.48~3.41 (m, 3H), 2.96 (t, J=12 Hz, 2H), 2.89~
2.80 (m, 1H), 2.73 (t, J=12 Hz, 2H), 2.57~2.44 (m, 2H),
2.19~2.10 (m, 1H), 1.94~1.85 (m, 4H), 1.68~1.58 (m,
2H), 1.53~1.43 (m, 2H), 1.40~1.26 (m, 4H); *C NMR
(75 MHz, CD;0D) §: 172.3, 168.8, 159.1, 153.2, 147.9,
141.0, 134.8, 129.7, 129.4, 128.0, 124.7, 124.4, 121.3,
116.8, 110.0, 52.0, 50.1, 49.8, 49.6(2), 41.3, 38.4, 38.3,
34.2,32.2,30.1, 28.0, 27.8, 26.2, 24.1, 23.7; ESI-MS m/z:
503.5 [M+H]", 502.9 [M—H]; ESI-HRMS calcd for
C30H3oN,05 [M+H]" 503.3022, found 503.3021.

N-[7-(10-Z 8 T HEIE A-35) & 36 1E P 14th 5w #k
(TNG-6): ¥ ¥ (O HPIREAK 67.5 mg, UK 54%. '"H NMR
(300 MHz, CD;0D) ¢: 8.11~8.08 (m, 1H), 7.78~7.75
(m, 1H), 7.58~7.53 (m, 1H), 7.39~7.34 (m, 1H), 7.17 (s,
1H), 5.79 (s, 1H), 3.73 (s, 3H, OCHs), 3.54 (t, J=15 Hz,
2H), 3.51~3.44 (m, 3H), 2.98 (t, J=12 Hz, 2H), 2.91~
2.82 (m, 1H), 2.75 (t, J=12 Hz, 2H), 2.59~2.48 (m, 2H),
2.21~2.12 (m, 1H), 1.96~1.87 (m, 4H), 1.69~1.60 (m,
2H), 1.53~1.44 (m, 2H), 1.40~1.29 (m, 6H); *C NMR
(75 MHz, CD;0D) ¢: 172.4, 168.8, 159.0, 153.4, 147.8,
140.8, 134.9, 129.8, 129.7, 127.8, 124.7, 124.5, 121.3,
116.7, 110.1, 52.0, 49.9, 49.7, 49.6, 41.3, 38.4, 38.3, 34.1,
32.2,30.0, 28.2, 27.8, 26.2, 24.1, 23.7; ESI-MS m/z: 517.8
[M+H]", 515.4 [M—H] ; ESI-HRMS calcd for Cs;Hy;-
N,O; [M+H]" 517.3179, found 517.3173.

N-(8-(10-Z 8 T Bk A-E) % HE IF 2 58) i 7 Ak
(TNG-7): W% O HPIRK 66.8 mg, U 52%. '"H NMR
(300 MHz, CD;0D) §: 8.08~8.06 (m, 1H), 7.77~7.74
(m, 1H), 7.56~7.50 (m, 1H), 7.36~7.31 (m, 1H), 7.16 (s,
1H), 5.76 (s, 1H), 3.71 (s, 3H, OCH3), 3.55~3.42 (m, 5H),
2.96 (t, J=12 Hz, 2H), 2.89~2.80 (m, 1H), 2.71 (t, J=12
Hz, 2H), 2.56~2.46 (m, 2H), 2.20~2.11 (m, 1H), 1.94~
1.86 (m, 5H), 1.65~1.56 (m, 2H), 1.51~1.42 (m, 2H),
1.34~1.18 (m, 8H); “C NMR (75 MHz, CD;OD) d:
172.3, 168.8, 159.1, 153.2, 147.9, 141.0, 134.8, 129.7,
129.4, 128.0, 124.7, 124.5, 121.3, 116.7, 110.0, 52.0,
49.9(2), 49.7, 41.3, 38.4, 38.3, 34.2, 32.3, 30.4, 30.3, 30.2,
28.2,27.8,26.2, 24.1, 23.7; ESI-MS m/z: 531.8 [M+H]";
ESI-HRMS caled for Cs,Hu;N,O3 [M+H]™ 531.3335,
found 531.3336.
3.2.7 AMEWAN G A

PCI12 20 i 35 3% AR AR KoK 2 37~
37.5 C, FrKIIRERE Ja, B A2 1 20 fd

http://sioc-journal.cn/ 879



BIKE

MR

BN KA, B PRIRIINR 2K UL N R RES 25
ik, SRJEFE 1000 t/min B0 3 min, 3F B3, N
NIE B (158 8 7R 5L B, AT S G B4l ks
FRMF, BL 10%/NMERRIMIE(FBS) 5%/ 5 IfiL i (HS) Al
0.2%24b X K — FHR(PTA)) DMEM bl = B T
CO, KRN R 4. & 2~3  d SHIREE IR
—WR. YRS RIE 80% L B, RIATREATARAR K G
S 4T i Ak R S

IE W TE (MTT)VE A I 40 B 735 22 PC12 AH iR d% R 1L
1X10* MM ZEE M T 96 LK. &FLIR R
FUA 100 pL, F 37 C, 5% CO, MMl FIie g 214 F 15 5%
24 h J&, BT IMER DMEM K95, H 200
pumolsL ™' 6-OHDA TSEALHE 2 h 57> WM N LMK FEE N 3,
10, 30 pmolsL ' IR 244, AbFE24 h, 110 uLiKE N
10 mgemL ' (f] MTT X7, 4k4LE74 4 h 5 2 BiER,
LI 150 pL —H EH(DMSO), Wik% G, H4HE)
FEFRAXAE 570 nm P ARG (A)E. A A
THE I A7 5

s ODtest sample_ OD blank
AT F (%)= oD  —ob X 100%.
control blank

Hodr B NASINZG I IEH 40, HAAEE N 100%;
%725 A N DMSO.

%% Bh #1 £} (Supporting Information) L &%) TNG-n
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(n=1~7)/ "H NMR 1 °C NMR K. xLehtpla] bl
G %% MASTI] 9 3 (http://sioc-journal.cn/)_F R %K.
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