% *ﬂs {& % DOI: 10.6023/cjoc201209017

WRiIL

Chinese Journal of Organic Chemistry

ARTICLE

MR -2 BR T E YIRS A R HIE T

Z e Kk EY TMHA
(TR KA RARZ W S s TREH A seih s JFHP 475004)
CTR RS TR 475004)

WE WS T 13 M- IR, P4 "H NMR, ESI-MS UGS Hr A, A BEM IS (MTT)IE R
TAYIRE AR RRRE AR AN IR (PC12) AN AMEIE FH, 45 R W T B bs L%t PC12 41 Bi
AR AR R, 3B S TR SE T, Hrp b 54 T6 A1 T7 (3% ME A58, 10 wmol/L 3R FE R 454 % 43 5
Hy 28.04%F1 27.58%.

RERE WEWE 2k 40 IR

Synthesis and Biological Evaluation of Quioline-Polyamine
Derivatives

Luo, Wen" Zhang, Zhen™” Wang, Chaojie**
(“ Key Laboratory of Natural Medicine and Immuno-Engineering of Henan Province, Henan University, Kaifeng 475004)
(® Pharmaceutical College, Henan University, Kaifeng 475004)

Abstract Thirteen quioline-polyamine derivatives were designed and synthesized. The structures of these compounds were
confirmed by "H NMR, ESI-MS techniques and elemental analysis. The neurons protection activities of these compounds were
evaluated by methyl thiazolyl tetrazolium (MTT) assay with sodium dithionite as an injury to adrenal pheochromocytoma
(PC12) cells. The results showed that all the target compounds exhibited protection activity for PC12 cells and some of them

were better than nimodipine. The best compounds were T6 and T7 with protection rates of 28.04% and 27.58%.
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Figure 3 Synthesis of 2-quinolinecarboxylic acid
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N X
©\/j\ + Polyamine (1) EtN, KI, EtOC,H4OH, reflux ©\/j\ xHCI
N (2) HCI, EtOH, r.t. N PA
3a T1~T4
m (1) polyamine, EDCI, HOSu, r.t. Xy xHCI S H =~
N COOH (2) HCI, EtOH, rt. P PA N AT NS Sy
o (0] (6]
3b T5~T1 T12, n = 2, yield 86%
T13, n =4, yield 81%
K5 k-2 AT A A R
Figure 5 Synthesis of quinoline-polyamine derivatives
K1 -2 EATAEYIN A
Table 1 Yields of quinoline-polyamine derivatives
Polyamine Product Yield/%
HoN H
2 N 56/80
NHBoc TATS, x=2, PA= NH,
HZN\/\ 7 H\/\ 4
N el N 57/85
T2/T6, x=2, PA= N
2 NHBoc o NH 51/78
8 T3/T7, x=2, PA= TN,
HoN{ ™ NHBoc MH\L{\ 43/75
5 T4/T8, x=2, PA= s NH
N/—\NB H N/—\NH
HyN 0C - 50
LA T9, x=2, PA= N
H
HZNM;\N/\H?NHBOC MN%\N/\MZ\NHZ 57
Boc T10, x=2, PA= H
H
/\/\
HZN\HZAN/\%\N NHBoc NN\M/Z\N/\M;\N/\/\NHZ 47
H Boc T11, x=2, PA= H H

1 GRSt

BS54

cPEAA 3b (15 S5 SCHER[12], DART AR LA HT
JORH R R W 0 S A BIAT S LR S, S A R
B S 2B . DA 20 A it £ A2 DA 4 3 | ik 4-31
TR FOR, AR BEE TR, (H R A% LA &) Bt
Ay = PIIER T Gabriel 21457 X, 56
A 7, 7 5 N-(3-VR A ) AR R P e
AHFRAEZ Boe R4, 304 8, FEZHTHEal)s ik
AL A 9. Hil#% 6 F1 8 B, WX =R MK, 24
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AL T RNV AFE], TS~T13 AR 1-45G- - F3k
LRI VL R ER(EDCIAT N-F2HE T WV i
(HOSu)ftifh, AR, Ab3i iy s

H1 "H NMR $cdfs o] LU e AL S I 45k, TG 3 HT
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3.
1.2 SEIEFEMNR

K MTT MR T A A4 T1~T13 X434 WAt
BRI T PC12 AL ERA T, JE SEHb PAE g xif B 24
Y, difE 1 Pos. BRVUEH, IraamwE 1
J 10 pmol/L R E R %t PC12 4 M43 AN [ R JEE 1) A
PFAER, H WO, 570 S PG v e 1) i
e ST, otk &4 Te6, T7 il ls, 10 pmol/L
W NP AMEIR A5k 28.04% 1 27.58%. Ltk &
VI G5 505, nT LRI, 2 BEBEAH R S 00,
A W AL S ) TS ~ T8 TG ME AL T T1~T4, KW
T e GG 1 28 OC F L e RE R &4 TS~T11
T6, T7 2 T10 i& i, 2kt h RN~ 8fe 4 Zith
TR, R BRI VG T A, B RSt —
Je VU e LT, XA 45 5 ARSI % 2 BT T 5 A1
—HU T T12 R T13 FRE AR, SeRBETIR.
A SRR IE 2 B A W) — RO 0 NMDA 3244,
Wb Ca’ TN, M D e 41 SE T IA B AR B A
FAUSOL AT A e A R T I ) NMDA 24k
MARFEEH, 52— BN LR

2 EY TI~T13 Xt PC12 4RI R 1F ]
Table 2 PC12 cell protection activity of compounds T1~T13

C BN EIE /%
ompd. - -1
1 pmol-L 10 pmol-L
T1 15.57 20.08
T2 12.72 16.89
T3 16.76 21.66
T4 14.67 18.92
T5 19.69 23.90
T6 20.37 28.04
T7 20.10 27.58
T8 18.49 21.70
T9 20.70 22.74
T10 22.51 26.02
T11 16.49 23.05
T12 — —
T13 — —
Nimodipine 19.46 26.25
BT = (OD sy —OD ige0)/(OD 20— OD sgrn) X 100%, FFAHRE
SEATIN 3 Yk, BOPISE, P ARG, REEAT IR,
2 %#ig

ASCEIE T 13 A2 LT A4, T
HIE WARR B PC12 ARy 1ER. SR ER
T £ IRR K H AL A% PC12 41344 B b i A4
YER, St it T e s, b &4 T6 F1 T7
(R P fe 5, 10 pmol/L ¥R J& 1 453455 0 41 5 43 51 4
28.04%H1 27.58%, ARt LB FTIRAL T 5 L.
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3 XBEH
31 E5IRFT

Bruker AV-400 R #ESLHR (3L [E); Esquire3000 7Y
LC-MS JRIEAL (), WC-1 B S s (p |, i
T RALIE); VarioEL T A T 25 4 7 {% (4 [+]); WFH-
204B BT AT BIO-TEKELX-800 i FR{Y (35
[K); XD-101 % {8 & 24 S A BE(P [H); H-B11600 % i 44
TH I3 FRAA (T ).

RIRHRE R B, AR T F R i, A R R TR COR
FERE RIS RAT R D), J8 S (rp [ 24 i AR )
iR E ), PC12 4 (b B RL 2% B gt i 2e). HoAthis
TR Sy T oA, ARt — 20 b B
3.2 ZWAHE
3.2.1 AREIR T BE(2) 896 A%,

HY 50 g FeSO,4 A1 100 mL Z&4# /K I\ £ 250 mL [ )&
B, I WE S NN 3.8 g ABRYFEIE FEE, M
50 mL Z/KE, (I 0.5 h 5 dliig, J8H S ke
I, WCENUZ, THE25 11 1.56 g stk 2, 7%
51%.

322 2-"Buk T BR(3) 494 AR

B 2, 12 g 781K, 1.23 g INETER TS In
100 mL [ JERBEIRH, 2l N0 8.4 g 10% KOH /K%
W, ERRY 40 min, AR5 80 TR 3 h, A&
W I &L, A WIOKE, FERR I pH £ 3~
4, P ZSAREGERI, TS 2T AT 1.92 g s fH
4 3, 7% 86%.

323 N-BRTR&HEHK-1,3-A (586K

B 1,3-T4 % 15 g (0.20 mol)i T 10% = Z &) H
B 100 mL 71, A 1% 0 C, 8 14.8 g (0.07 mol)
Boc,O % T 30 mL FEFH, vk N _Fig 30 mL
Boc,O (1 B, Wanscke, HRT 2 5l R VIl &,
WEZA AR, FAYWH 60 mL & UiEME, H 10%
Na,CO; KIEWHVER: 60 mL X3, WEESATE, /KRR
WIS, R ZERRE, SRR 5 9.07 gCHLA),
P 74.3%.

324 N-G-ARR T BLEE)AE-N N-—&T A
HHA1,4-T ZJ(6)89 8- R

$59.60 g (51.0 mmol)#+- 150 mL ZJiEH, TG
JKTRIRET 9.6 g (69.5 mmol), =Ei$Hi+E 10 min, FHELF]
45 °C, 73 3N N-G-IR )R I i% 11.0 g
(40.8 mmol), &t 45 °C, RV 8 h. EZEFR LI LN,
T4 40 mL SU54EE, 40 mL X3 w(Na,CO3)=10%
KB DEGE, WHERE, TOKBBRE T, 7ERE
17, R ANPRY LAY, B iZ ik %+ 100 mL
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10% — I RSP, IS 10.4 g (47.7 mmol)
Boc,0O HUEEVAW, bk B a7, &V see7% kR
WA, BV 50 mL ZUHI, 50 mL X3 KuEE, K
AT, TR, BN, FRWH VA
WK V(IR TEE)=3 © 1 MIVBEl, Aoy 513
7.82 g R EIMPIRY) 6, 77K 40.3%. LAY 8 A& b
55 e AT ).

325 N-BRATENN-—&RTAHL-13-H 0
(7) 895 A%,

4 8.50 g (17.4 mmol) I &4 6 % T~ 60 mL Ji/K LT
o IKEE10.3 g, BB, BB R, FIRY
F 40 mL S i¥ R, 285 H 30 mLX3 (Na,CO3)=10%
KBS, WERERVE, ORI T 5, 2R
if3 7, A EEEZERN T T2 RN, WEW 9 e
D RS A ).

3.2.6 HARE4 T1~T4 696 KRBk (VA T3 H #1)

1 0.65 g (4 mmol) 2-F M5 2.26 g (12 mmol) N'-
BUTAIRIE-1,4- T s T 20 mL Z 20k, I
AL . = 2%, IR 12 h, ZEER¥EH], N 30
mL 7K, SRR, AN, KBRS TEE,
AT, FRWFEENT AT - V(T ED)=30 :
1173 E 44 0.86 g, ¥ HET 10 mL Jo/K SEEH, TEiK
W 4 mol/L [ Eh VAW, Wi B2 5 T & s il S ik
W, FUTEAR, g I A SR s B AR =4
T3.

N'-(WEIk-2-5L) 2 35-1,2- —J]%2(T1): 'H NMR (D,0,
400 MHz) 6: 8.16 (d, J=9.1 Hz, 1H, ArH), 7.75 (d, J=7.9
Hz, 1H, ArH), 7.73~7.62 (m, 2H, ArH), 7.45 (t, J=38.1
Hz, 1H, ArH), 6.95 (d, J=9.1 Hz, 1H, ArH), 3.82 (t, J=
6.2 Hz, 2H, CH,), 3.32 (t, J=6.2 Hz, 2H, CH,); MS (ESI)
m/z: 188.2 (M—|—H)+. Anal. calced for C,;H;5CI,N5+0.2H,0:
C 50.43, H 5.85, N 16.04; found C 50.31, H 5.72, N 16.12.

NN FE NP (IR -2- R 256 -1,2- 1 (T2): 'H
NMR (D,0, 400 MHz) 6: 8.27 (d, J=9.3 Hz, 1H, ArH),
7.84 (d, J=8.0 Hz, 1H, ArH), 7.78~7.72 (m, 2H, ArH),
7.53~7.47 (m, 1H, ArH), 7.05 (d, J=9.3 Hz, 1H, ArH),
3.98 (t, J=6.0 Hz, 2H, CH,), 3.52 (t, J=6.4 Hz, 2H, CH,),
2.94 (s, 6H, CHs); MS (ESI) m/z: 216.5 (M+H)". Anal.
caled for Cj3H,9CLN31.5H,0: C 49.53, H 7.03, N 13.33.
found C 49.71, H 7.15, N 13.44.

N'-(WEbk-2-3) T HE-1,4- - J#(T3): '"H NMR (D,0,
400 MHz) ¢: 8.00 (s, 1H, ArH), 7.70 (d, J=8.3 Hz, 1H,
ArH), 7.68~7.57 (m, 2H, ArH), 7.41 (t, J=8.3 Hz, 1H,
ArH), 6.80 (s, 1H, ArH), 3.42 (s, 2H, CH,), 3.00 (s, 2H,
CH,), 1.79~1.72 (m, 4H, CH,); MS (ESI) m/z: 216.1
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(M+H)". Anal. caled for Cj3H,,N3*2HCI+0.8CH;COCH;e
0.4H,0: C 54.10, H 7.25, N 12.29; found C 54.38, H 7.45,
N 12.14.

N'-(WEmk-2-3) CL KL -1,6- - Jl2(T4): 'H NMR (D,0,
400 MHz) 6: 7.78 (d, J=9.3 Hz, 1H, ArH), 7.55 (d, J=5.2
Hz, 2H, ArH) ,7.42 (d, J=8.7 Hz, 1H, ArH), 7.32 (t, J=
7.5 Hz, 1H, ArH), 6.56 (d, J=9.3 Hz, 1H, ArH), 3.16 (t,
J=6.6 Hz, 2H, CH,), 2.94 (t, J=7.6 Hz, 2H, CH,), 1.68~
1.57 (m, 4H, CH,), 1.44~1.33 (m, 4H, CH,); MS (ESI)
mi/z: 2442 (M+H)'. Anal. caled for C;sH,;CLN;: C
56.96, H 7.33, N 13.39; found C 56.70, H 7.39, N 13.30.
3.2.7 B ARMLAY TS~TI11 8946 mid k(A TT A H#))

1.0.56 g (3 mmol)EMk 2-F % T 20 mL & A,
JAN 0.62 g (3 mmol) 1-Z.3&(3- — HIFL G FE A JE ) —
TV B2 £h(EDCT), 0.37 g (3 mmol) N-¥25E T BRI %
(HOSu)fit# 0.5 h J&, A 0.61 g (3 mmol) N'-FU T 4 j%
B-1,4-T 0%, R 3 h 28350, A& e, H
10% Bk BN K S WD — Ik, TUANLZ, ToKBRIREN T
BRAATHAG, FEEITIM & L) - V(T EE)=30 : 1]
73 Boc fR4F [ R AA, AR (4495 T 10 mL o7k SR,
VKA RN 4 mol/L [ Eh BV, T R T A = il e
B, AUTHEAE R, ok uE I T ERIE G, TS B AR
T7.

N-(2- L)Wk -2- F % (T5): 'H NMR (D,0,
400 MHz ) J: 8.82 (d, J=8.4 Hz, 1H, ArH), 8.20 (dd, J=
18.3, 9.7 Hz, 3H, ArH), 8.06 (t, J=7.8 Hz, 1H, ArH), 7.89
(t, J=7.6 Hz, 1H, ArH), 3.90 (t, J=5.9 Hz, 2H, CH,), 3.42
(t, J=6.0 Hz, 2H, CH,); MS (ESI) m/z: 216.2 (M+H)".
Anal. calcd for C,H;5C1,N;0: C 50.01, H 5.25, N 14.58;
found C 50.00, H 5.13, N 14.65.

N-[2-( - FE38) 23 esibk-2- F kA% (T6): 'H NMR
(D,0, 400 MHz ) 6: 8.71 (d, J=8.6 Hz, 1H, ArH), 8.19~
8.08 (m, 3H, ArH), 7.99 (t, J=7.7 Hz, 1H, ArH), 7.82 (t,
J=17.6 Hz, 1H, ArH), 3.93 (t, J=6.0 Hz, 2H, CH,), 3.52 (t,
J=6.0 Hz, 2H, CH,), 3.02 (s, 6H, CH;); MS (ESI) m/z:
244.4 (M+H)". Anal. caled for Ci4,H,5CIN;O 0.5H,0: C
58.23, H 6.63, N 14.55; found C 58.05, H 6.40, N 14.32.

N-(4-% T )Wtk -2- /W% (T7): 'H NMR (D0,
400 MHz) 6: 8.72 (d, J=8.6 Hz, 1H, ArH), 8.09 (d, J=8.8
Hz, 1H, ArH), 8.04 (d, J=8.5 Hz, 2H, ArH), 7.94 (t, J=
7.8 Hz, 1H, ArH), 7.76 (t, J=7.6 Hz, 1H, ArH), 3.47 (s,
2H, CH,), 3.01 (s, 2H, CH,), 1.74~1.68 (m, 4H, CH,);
MS (ESI) m/z: 2443 (M + H) " . Anal. caled for
C14H15CLN;0+0.3H,0: C 52.28, H 6.14, N 13.06; found C
51.96, H 5.94, N 13.40.
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N-(6-% 3% )Wk -2- 11 ik % (T8): 'H NMR (D0,
400 MHz) §: 8.65 (d, J=8.6 Hz, 1H, ArH), 7.94 (dt, J=
17.5, 8.3 Hz, 4H, ArH), 7.71 (d, J=7.8 Hz, 1H, ArH), 3.37
(t, J=7.1 Hz, 2H, CH,), 2.93 (t, J=7.5 Hz, 2H, CH,), 1.61
(s, 4H, CH,), 1.40~1.20 (m, 4H, CH,); MS (ESI) m/z:
2725 (M+H) . Anal. caled for C;sH,N;0+1.5HCle
1.5H,0: C 57.35, H 7.07, N 12.54; found C 57.76, H 6.80,
N 12.99.

N-[4-(WRME-1-9%) T 3 Wmk-2- F Ik A%(T9): "H NMR
(D,0, 400 MHz) J: 8.84 (d, J=8.6 Hz, 1H, ArH), 8.25 (d,
J=8.4 Hz, 1H, ArH), 8.21 (d, J=8.1, 2H, ArH), 8.07 (t,
J=7.8 Hz, 1H, ArH), 7.90 (t, J=7.6 Hz, 1H, ArH), 3.95~
3.54 (m, 10H, CH,), 3.45 (t, J=8.0 Hz, 2H, CH,), 2.03~
1.91 (m, 2H, CH,), 1.91~1.80 (m, 2H, CH,); MS (ESI)
m/z: 313.3 (M+H)". Anal. caled for C;sH,,;CL;N;Oe
1.5H,0: C 48.17, H 6.74, N 12.48; found C 48.03, H 6.94,
N 12.43.

N-[3-(4-% T KL K5 ) A L 1 bk -2- FR A% (T10): 'H
NMR (D,0, 400 MHz) 6: 8.69 (d, J=8.7 Hz, 1H, ArH),
8.22 (d, J=8.3 Hz, 1H, ArH) , 8.20~8.10 (m, 2H, ArH),
8.01 (t, J=7.7 Hz, 1H, ArH),7.85 (t, J=7.6 Hz, 1H, ArH),
3.68 (t, J=6.7 Hz, 2H, CH,), 3.26 (t, J=8.0 Hz, 2H, CH,),
3.19 (t, J=7.2 Hz, 2H, CH,), 3.11 (s, 2H, CH,), 2.22~
2.11 (m, 2H, CH,), 1.85 (s, 4H, CH,); MS (ESI) m/z: 315.2
(M+H)". Anal. caled for Ci;H,,N,0+3HCI+0.6CH;CH,-
OH+H,0: C 48.00, H 7.21, N 12.30; found C 47.86, H
6.89, N 12.40.

N-{3-[4-3-Z N HE 2 Ak ) T 2 ] 7 2k ) s bk -2- P
JlZ) (T11): '"H NMR (D,0, 400 MHz) dy: 8.55 (d, J=8.6
Hz, 1H, ArH), 8.16 (d, J/=8.8 Hz, 1H, ArH), 8.08 (d, J=
8.8 Hz, 2H, ArH), 7.94 (t, J=7.7 Hz, 2H, ArH), 7.79 (t,
J=7.5Hz, 1H, ArH), 3.67 (t, J=6.7 Hz, 2H, CH,), 3.26~
3.17 (m, 10H, CH,), 2.21~2.12 (m, 4H, CH,), 1.87 (s, 4H,
CH,); MS (ESI) m/z: 3583 (M+H)". Anal. calcd for
CaoH35C1LN504+0.5H,0: C 46.89, H 7.08, N 13.67; found C
46.86, H 7.08, N 14.02.

3.2.8 HARMLEHY T12~TI13 496 miB %A T12 #
7))

8 0.87 g I 2-FF R 1.63 g (10 mmol) EDCI, 1.15
g (10 mmol) HOSu ¥ 30 mL & ke, i+ 0.5 h
JEIIA 022 g (5 mmol) 1,4- ] “J& /W 5 h, 28 T-¥%5,
=& R, F 10%BR BR BN /K i vtis 3 Wk, B HLZ,
TR RN T2 T RS, A ZIT (=& ) ¢
V() =30 © 1]f4 HAs/=4) T12.

NN-( T H-1,4- 3% sk -2- F1 ki (T12): 'H
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NMR (DMSO-d;, 400 MHz) &: 8.98 (t, J=6.0 Hz, 2H,
ArH), 8.56 (d, J=8.5 Hz, 2H, ArH), 8.13 (t, J=8.0 Hz,
4H, ArH), 8.08 (d, J=8.1 Hz, 2H, NH), 7.86 (t, J=7.1 Hz,
2H, ArH), 3.42 (d, J=6.0 Hz, 4H, CH,), 1.66 (s, 4H, CH,).
Anal. caled for Co4HxN4O,: C 72.34, H 5.57, N 14.06;
found C 72.00, H 5.60, N 14.34; MS (ESI) m/z: 399.3
(M+H)", 4212 (M+Na)".

NN-( O HE-1,6- — Kk ) — W bk -2- FFY I i (T13): 'H
NMR (DMSO-dg, 400 MHz) d: 8.93 (t, J=5.9 Hz, 2H,
ArH), 8.56 (d, J=8.5 Hz, 2H, ArH), 8.14 (dd, /=84, 5.3
Hz, 4H, ArH), 8.07 (d, J=8.1 Hz, 2H, NH), 7.86 (t, J=7.7
Hz, 2H, ArH), 3.37 (dd, J=13.6, 6.7 Hz, 4H, CH,), 1.67~
1.54 (m, 4H, CH,), 1.38 (s, 4H, CH,); MS (ESI) m/z: 427.3
(M+H)", 449.3 (M+Na)". Anal. calcd for CosH,;CIN,O,¢
1.5H,0: C 66.67, H 5.94, N 11.96; found C 66.19, H 5.75,
N 12.12.

32,9 AME R

O BUE K IA R PCL2 41 R0 T 96 FLARH, 4351
WO N A L JE S PR A | 3 PR R A
BT ALRR “ Wbk 2 i 7 fiT AR AL, S DN AN 100 pL
MM E WA BRI 4LIN 90 uL gn ek, e
FARFL N 80 pL ANy, K59 24 h WhEE)S, @
S BHAE T BRI EE A 10, 100 pmol/L ¥ /& 531
P10 pL,  “HEMR-Z L RTAEAR ORISR 10,
100 umol/L [ “MEMk—2 §%” FTAMu 10 ul, 25497
AEFE 2 h JE, IR N 50 pL i T WERTEREN 10 uL. 4k
SeigR 24 h, N 10 pL 249K % 4 5 mg/mL MTT, 4 h 5
75 EiEW, FEFLINA 100 uL ) DMSO, &% 20 min, {f
GERL TR VMR, AERERR 570 nm K ARK I &AL
% OD {H. SIS 3 Wk, HOFIME, P& kT
A FIHI . HIH] 2= (OD #5a—OD upa)/(OD 2pm—
OD spim) X 100%.
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