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One-pot synthesis of quinoline polycyclic compounds
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Abstract: A one-pot method for synthesis of novel quinoline polycyclic derivatives was constructed with
5-fluorosubstituted-4-chloroquinoline derivatives and binucleophilic reagents as starting materials. The key
step of this method was synthesis of diversified quinoline polycyclic derivatives with no need for
mono-substituted intermediates' separation via a cascade substitution of chlorine and fluorine completed by
the reaction of 4-chloro-5-fluoroquinoline-3-carboxylates with ortho-substituted anilines (binucleophilic
reagents) in presence of the deacid reagent N,N-diisopropylethylamine in N,N-dimethylformamide solvent
under heated conditions. The yields of products obtained were in the range from 56.3% to 97.1%. The
method was simple and efficient with no requirement for catalysts and good tolerance of various functional
groups. The structures of the products were further confirmed by "THNMR, *CNMR, HPLC and HRMS.
Key words: polycyclic quinoline; nucleophilic substitution; one-pot synthesis; fine chemical intermediates
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Fig. 1 Drugs containing quinoline structure
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"HNMR F1 "CNMR i & i i1 Bruker Avance Il
600 MHz HYA% i HAiR e 3383000 e ( A2 A7 B 5w A )
'"HNMR 2} 600 MHz, *CNMR & 150 MHz, PY i3t
ikt (TMS) ANAR ); ZF-20C RIRGAE L4t
A (T s IR OB AR T ); Agilent 1260 5
BOBAROIEIY (3£ E Agilent A5 ); EYELAN-1100
AU 25 R A (AR s Ak A bk =X 23 %E ); DF-101S

o fﬂ; Q i&

Ib-1

2-{[(3-9RL-5-H AU BE R B0 2 I R T —
R L BE(T b-1) AR

TE 100 mL KW AR 3-380-5-F A R
e (1.41 g, 0.01 mol), 2-(Z5FEI FFHIE)N —# —
LT (2.16 g, 0.01 mol ) FIJC/KLEE 25 mL, W
N TR Z ERRAS, N 6 h, BEIZER, e
B RV IAT 2-{[(3-980-5- Y AU BE A B ) U Bk 0 P )
N R TR 2.76 g, T s IV, IR 88.7%.
"HNMR (600 MHz, CDCl5), d:10.841~10.862 (m, 1H),

8.322~8.344 (m, 1H), 6.304~6.395 (m, 3H), 4.165~
4.239 (m, 4H), 3.716~3.726(m, 3H), 1.243~1.316 (m,
6H); HRMS(ESI), m/Z: FEEAH CisH sFNOs[M+H]"

312.1242, SEAE 312.1247,
1.2.1.2  5-5-7-H S H-4-E A0 -1,4- S Emk-3-F iR

ZBE(T b-2)AYE Rk
£ 100 mL S WA 28k 40 mL, FHE =
240 °C, MM 2-{[(3-9R.-5-H AU SR 3 ) 2 2 7 Y i )
WM M (3.11 g, 0.01 mol ), ZEFHiZIREE [
leﬂiﬁi,éﬂ?MAEa&ummdﬂ%
338 5-980-7-F S FE-4- AR -1,4- A EMK-3-H iR £,

F Cl O

RZ
MO/\ + HY NH,
=
R! N

I I

Ma: R'=F; Il a: PR FLHE;

Mc: R=F; Tl c: 4R g,

MMe: R =F; [ e: 2-8 3-4-F EHHEHy,;
MM g: R=F; I g: 3-5&Fk-4- 52 FEnEE;
Ili: R'=CH,0; II b: 2- &R B;

Mk: R'=CH,0; [ d: 2-&3t-5-F A My
ITm: R'=CH,0; Il g: 3-5&F-4-F2FEMLIE;
Mo: RI=F; MTh: 1,2- & FEF 4%,
Mq: R'=CH,0; I h: 1,2-—&EHRCLE;
Ms: R'=F; 11 j: Z.FRE;

R? RO5 #9585, Y 2 O, S 3 NH

P a & A H . 78 100 mL (8 BEIHR H Kk
A 4-58-5,7- "5 Em-3-H IR 15 54 mg ( 1 a,

1.2.1.1

U7 S SRR AN I G REa B I N 7 <X IV
J7); WIZENT R . AL JE AT FEERE (200~300 H ,

B SEER T ).
1.2 FHik
1.2.1  4-F-5-F-7-F R A ER-3- TR A (1b)
B %,
G LT PR
240 °C o M J
— | éﬁﬂﬂzﬁﬂ
H
[b-2

fig 2.24 g, HEEAR, WRA 84.4%., 'HNMR
(600 MHz, DMSO-dy), 6:12.071 (s, 1H), 8.396 (s, 1H),
6.833~6.844 (m, 1H), 6.758~6.780 (m, 1H), 4.155~

4.201(m, 2H), 3.853(s, 3H), 1.244~1.286 (m, 3H);
HRMS(ESI), m/Z: Bl C3H,FNO,M+H] 266.0823,

SEE 266.0819,
12,13  4-%-5-%
A B

1E 50 mL AP IA 5-98-7-H 4 5k -4- 10 -

1,4- A mk-3-F iR £l (1.30 g, 4.90 mmol ), 5
LR 10 mL, JE 0PI DMF, BN 4 h, &
N SE 5 YRR ZE T BIAS 3] 4-58-5- 90 -7- F 4R e k-3 -
R MR 1.21 g, EOEA, JWF N 87.1%. 'HNMR
(600 MHz, CDCl), §: 9.152(s, 1H), 7.785 (m, 1H),
6.955~6.976 (m, 1H), 4.522 (q, J = 7.2 Hz, 2H),
4.025(s, 3H), 1.444 (t, J = 7.2 Hz, 3H); HRMS(ESI),

m/Z: FRS(H C3H, CIFNO;[M+H]" 283.0484, SZil

{H 283.0487,

1.2.2  vEok % 3R 2 5140640 09 B %,
BT R

RZ
y" NH O

S7-FAE R E-3-FER ZBE( T b)

DIPEA
—_—

AN 0

~

R! N

|

1b: R'=F; 11 b: 2-F G

I d: R'=F; 11 d: 2-483%-5- 920,

I f: R'=F; Il f: 3-35E-4- S JEnnE;

ITh: R'=CH,0; Il a: 4B I Hn;

Ij: R'=CH,0; Il c: 8%}k,

II1: R'=CH,O; T e: 2-%k-4-H S HE B,
In: R'=CH,0; I f: 3-33%k-4-F FEALiE;
MMp: RI=F; 11 i: Z, bR,

Tr: R'=CH;0; Ili: Z ZHieth MRk,

IMt: R'=CH,0; IIj: Z.FEkZ

0.20 mmol ), 4BZFLAKM 26 mg ( Ma, 0.24 mmol ),
DIPEA (70 uL, 0.4 mmol ) I DMF 20 mL, JZJi{4&
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ZAE 90 °C FHEHE 2 ho TLCLEIFFH : V(& W k%) :
VIR EE)=10 = 1 )W TG 4-54-5,7- - FMEME-3-F IR &
BRaE 4y, AEIEhngh, R RIRE RS, N N
AJK 100 mL M Z R ZBg 50 mL, ZXEUCAHLA, AL
AU R4, ML S 2B (Vi . (=&
HEe) : V(FEE)=20 : 1) B2 Hbr= a, WER
83.7%. HA=WIHH & 5k E b, RS SR &Y
[ AT Af2ERd, Y /TR O S 3 NH, R?
AT LR A Y . MERERT A . N 10 PR sl g 7 6% )
BRI, HAT=PICR A 56.3%~97.1%. FTA Hbx
75 B S5 K 2 R g L PR A0 ( THNMR ) L R %
(PCNMR ), A 3% (HPLC ) DL K 5 43 Bk i
1% (HRMS ) FF,

5- 9 -12H- 7 Jf [2,3][1,4] %A 2= A 4% 35 B JF
[5,6,7-de]Msmk-1-F iR LR (Ma): HEEA, 54 mg,
WeE Sk 83.7%, HPLC 4l JF 99.34% ; 'HNMR
(600 MHz, CDCl3), §: 11.590 (s, 1H), 9.130 (s, 1H),
7.388 (d, J = 10.2 Hz, 1H), 7.238~7.250 (m, 1H),
7.105~7.126 (m, 2H), 7.025~ 7.061 (m, 2H), 4.470 (q,
J = 6.6 Hz, 2H), 1.470 (t, J = 6.6 Hz, 3H); "*CNMR
(150 MHz, CDCl5), 5: 168.78, 164.60 (d, J = 252 Hz),

156.80 (d, J = 13.5 Hz), 153.05 (d, J = 13.5 Hz),
152.54, 151.39, 148.82, 133.76, 125.85, 125.54,
121.70, 110.35 (d, J = 19.5 Hz), 107.28 (d, J = 27 Hz),
102.71, 61.51, 14.39; HRMS(ESI), m/Z: Hit(H
CisH3FN,0; [M+H]"325.0983, S 325.0988,

5- R -12H- 7% Jf [2,3][1,4] Bt 2% & 2% 26 B Of:
[5,6,7-de]¥smk-1-F iR ZFR(Mb): HER{AK, 56 mg,
W& K 81.6% , HPLC 4 F 99.75% ; 'HNMR
(600 MHz, CDCl3), 5: 11.885 (s, 1H), 9.181 (s, 1H),
7.549 (d, J = 7.2 Hz, 1H), 7.500 (d, J = 7.8 Hz, 1H),
7.429~7.442 (m, 1H), 7.295~7.320 (m, 1H),
7.134~7.167 (m, 2H), 4.495 (q, J = 7.2 Hz, 2H), 1.484
(t,J = 6.6 Hz, 3H) ; “CNMR (150 MHz, CDCly), o:
168.99, 163.48 (d, J = 255 Hz), 154.39, 154.00 (d, J =
13.5 Hz), 152.55, 144.81, 135.75 (d, J = 9.0 Hz),

131.88, 129.85, 128.59, 126.04, 123.62, 119.33,
119.30 (d, J = 25.5 Hz), 113.95 (d, J = 21 Hz), 104.93,

61.71, 14.41 ;HRMS(ESI), m/Z : B8 C,sH,3FN,0,S
[M+H]"341.0755, SZ{E 341.0750,

5-980-7,12- &K IF [2,3][1,4] = A 2R B BE T
[5,6,7-de]smk-1-F iz L ER (M c): #EEEA, 56 mg,
W E N 86.4% , HPLC i F 99.65% ; 'HNMR
(600 MHz, CD;OD+CF;COOH), §: 9.040 (s, 1H),
7.021~7.035 (m, 1H), 6.958~6.976 (m, 1H), 6.875~
6.900 (m, 1H), 6.793~ 6.806 (m, 2H), 6.757~6.778 (m,
1H), 4.496 (q, J = 7.2 Hz, 2H), 1.474 (t, J = 7.2 Hz,
3H) ; "“CNMR (150 MHz, CD;0D+CF;COOH), §:

168.10, 164.34 (d, J= 255 Hz), 156.01, 145.60,
135.97, 124.63, 123.84, 120.84, 118.89, 117.00,

115.12, 113.23, 106.01 (d, J = 25.5 Hz), 104.73,
102.73, 99.08 (d, J = 25.5 Hz), 64.20, 55.61, 14.30;
HRMS(ESI) , m/Z . ® i {H CH4FN;0,
[M+H]'324.1143, SCi{E 324.1149,

5,9- T 9 -12H- 48 31 [2,3][1,4] 48 2% & 2% BF B T
[5,6,7-de] W Wk -1- F iR £ Fig (T d) ¥R 8 £ [ 14
55 mg, WFH 80.3%, HPLC 4l 98.79%; 'HNMR
(600 MHz, CDCly), §: 11.585 (s, 1H), 9.161 (s, 1H),
7.439 (d, J = 8.4 Hz, 1H), 7.022~7.060 (m, 3H),
6.888~6.899 (m, 1H), 4.476 (q, J = 7.2 Hz, 2H), 1.475
(t,J = 7.2 Hz, 3H); *CNMR (150 MHz, CDCl3), §:
168.84, 164.58 (d, J = 271.5 Hz), 159.80 (d, J =
246 Hz), 156.30 (d, J = 15 Hz), 156.05, 153.09 (d, J =
15 Hz), 152.63, 151.25, 130.27, 122.36 (d, J = 9.0 Hz),
112.90 (d, J = 25.5 Hz), 110.76 (d, J = 19.5 Hz),
109.35 (d, J = 24 Hz), 107.48 (d, J = 25.5 Hz), 102.77,
61.65, 14.43 ; HRMS(ESI), m/Z: ¥i{8 C,gH1,F,N,05
[M+H]'343.0899, S:ill{H 343.0891,

5-9R-10-F1 S KL 12H-28 9 [2,3][ 1L 41 B A R AR
BRI [5,6,7-de]MEmMk-1-F R £ Tik(Me): IREE G,
61 mg, W% N 85.6%, HPLC 4iJ¥ 99.06%; 'HNMR
(600 MHz, CDCly), §: 11.542 (s, 1H), 9.124 (s, 1H),
7.370~7.390 (m, 1H), 7.136 (d, J = 9.0 Hz, 1H),
6.987~7.006 (m, 1H), 6.215~6.634 (m, 1H), 6.536 (m,
1H), 4.462 (q, J = 7.2 Hz, 2H), 3.768 (s, 3H), 1.467 (t,
J=72Hz, 3H) ; "“CNMR (150 MHz, CDCl5), d:
168.82, 164.68 (d, J = 252 Hz), 157.39, 157.20 (d, J =
13.5 Hz), 152.50 (d, J = 13.5 Hz), 152.42, 151.62,
142.84, 134.35, 122.24, 111.14, 110.51(d, J = 3.0 Hz),
110.14 (d, J = 21 Hz), 107.10 (d, J = 25.5 Hz), 106.39,

102.70, 61.56, 55.93, 14.40; HRMS(ESI), m/Z: ¥
{8 C19H,sFN,O, [M+H]"355.1089, SZili{H 355.1088,
5-9-12H-MEIEIF[3',4:2,3][ 1,418 2 A 2L 35 P of:
[5,6,7-de]WEmk-1-F R LR £): H A REAK, 62 mg,
WE N 95.8%, HPLC 4l 99.21%; 'HNMR (600
MHz, CD;0D), 6: 9.425 (s, 1H), 8.932(s, 1H), 8.585
(d, J = 4.8 Hz, 1H), 7.636~7.736 (m, 3H), 4.619 (q,
J = 6.6 Hz, 2H), 1.528 (t, J = 6.6 Hz, 3H); *CNMR
(150 MHz, CD;0D+CFsCOOH), ¢: 167.54 (d, J =
256.5 Hz), 166.68, 156.40 (d, J = 15 Hz), 152.15,
150.11, 145.83 (d, J = 18 Hz), 142.15, 139.35, 119.32,
117.80, 116.99, 115.89, 111.65 (d, J = 28.5 Hz),
110.61, 106.95, 64.53, 14.31; HRMS(ESI), m/Z: FHit
{H C17H,FN;0; [M+H]"326.0935, SZill{H 326.0929.
5-5R- 12H-MEIETF[4,3":2,3][ 1, 4158 Z2 A 2 30 B Ot
[5,6,7-de]EMk-1-FI iR £ TiR( g): FEARA, 62 mg,
I %l 94.5% , HPLC 4 ff 97.96% ; 'HNMR
(600 MHz, CF;COOH+CDCl3), d: 13.144 (s, 1H),
9.406 (s, 1H), 8.799 (s, 1H), 8.588 (d, J = 4.2 Hz, 1H),
7.927 (d, J = 7.8 Hz, 1H), 7.584 (d, J = 5.4 Hz, 1H),
7.422 (d, J =7.8 Hz, 1H), 4.571 (q, J = 7.2 Hz, 2H),
1.485 (t, J=7.2Hz, 3H); "“CNMR (150 MHz,
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CF;COOH+CDCly), 6: 166.97 (d, J = 262.5 Hz),

166.63, 166.09, 156.08, 154.78 (d, J = 13.5 Hz),
153.43, 146.80, 144.71, 142.78 (d, J = 15 Hz), 140.78,
118.64, 116.56, 111.69 (d, J = 27 Hz), 107.99, 106.15

(d, J = 24 Hz), 104.00, 64.24, 13.93; HRMS(ESI),
m/Z: PIBAE C7H ,FN;05; [M+H]326. 0935, SZi{E
326.0933,

5-F S HE-12H- 28 9 [2,3][1,4] A 4% A 2% 34 B Ot
[5,6,7-de]EMk-1-H iR £ Pis(MTh): FI A {K, 50 mg,
W Eh 75.0%, HPLC 4 fF 99.46% ; 'HNMR
(600 MHz, CDCl3), §: 11.535 (s, 1H), 9.122 (s, 1H),
7.276~7.290 (m, 1H), 7.081~7.169 (m, 4H), 6.937~
6.941 (m, 1H), 4.483 (q, J = 7.2 Hz, 2H), 3.959 (s,
3H), 1.494 (t,J = 7.2 Hz, 3H) ; "“CNMR (150 MHz,
CDCly), J: 168.99, 163.05, 156.11, 153.64, 152.18,
151.32, 149.00, 134.20, 125.58, 125.24, 121.79,
121.61, 108.68, 107.97, 105.52, 101.94, 61.27, 55.91,
14.46 ; HRMS(ESI), m/Z: & {H CoH N0,
[M+H]"337. 1183, =£iill{ 337.1187,

5-F S KL -12H- 2K 31 [2,3][1,4] B 4% &L 2% 3F B -
[5,6,7-de]Msmk-1-F iR L BR (1) : IRFFEK, 45 mg,
Ky 64.0%, HPLC 4iiJF 99.37%; '"HNMR (600 MHz,
DMSO-dy), 6: 11.565 (s, 1H), 9.051 (s, 1H), 7.611 (d,
J = 7.2 Hz, 1H), 7.399~7.422 (m, 1H), 7.338 (d, J =
3.0 Hz, 2H), 7.279 (d, J = 3.0 Hz, 1H), 7.197~7.242
(m, 2H), 4.454 (q, J = 7.2 Hz, 2H), 3.909 (s, 3H),
1.417 (t, J= 7.2 Hz, 3H) ; "“CNMR (150 MHz,
CDCly), d: 169.10, 161.96, 154.33, 154.13, 151.90,

145.07, 134.17, 131.88, 129.59, 128.77, 125.74,
123.49, 121.56, 116.46, 108.45, 104.12, 61.50, 55.87,

14.45; HRMS(ESI), m/Z: HiE{H CoH;(N,OsS
[M+H]"353.0954, SZi{E 353.0959.

5- A 3 -7,12- UK IR [2,3][1,4] — A AL e
JF[5,6,7-de] VE Bk -1- H g Z BR (M)« 3% [ 44,
53 mg, RN 79.0%, HPLC 4l ¥ 98.78%; 'HNMR
(600 MHz, CDCly), §: 11.641 (s, 1H), 9.109 (s, 1H),
6.899~6.963 (m, 4H), 6.772~6.785 (m, 1H),
6.406~6.409 (m, 1H), 6.085 (s, 1H), 4.431 (q, J =
7.2 Hz, 2H), 3.878(s, 3H), 1.452 (t, J = 7.2 Hz, 3H) ;
BCNMR (150 MHz, CDCly), d: 169.20, 162.68,

153.63, 152.28, 151.58, 144.79, 135.46, 131.39,
124.64, 122.84, 121.62, 119.15, 105.33, 104.62,

102.77, 101.68, 61.20, 55.61, 14.41; HRMS(ESI),
m/Z: P CoH1N;O5 [M+H]336.1343, SZillfl
336.1342,

9- 9 -5- H1 A8 - 12H- 28 JF [2,3][ LA R A A 36
BiIf[5,6,7-de]MEmk-1-F R Z g (M k). 9% o 0 [ 44k,
40 mg, WE N 56.3%, HPLC 4liJ¥ 99.31%; 'HNMR
(600 MHz, CDCl3), 6: 11.481 (s, 1H), 9.102 (s, 1H),

7.169~7.173 (m, 1H), 7.002~7.035 (m, 2H), 6.902~
6.906 (m, 1H), 6.839~6.871 (m, 1H), 4.458 (q, J = 6.6

Hz, 2H), 3.942 (s, 3H), 1.468 (t, J = 6.6 Hz, 3H);
BCNMR (150 MHz, CDCly), 6: 168.99, 163.07,

159.62 (d, J = 244.5 Hz), 155.60, 152.13, 151.12,
149.48 (d, J = 10.5 Hz), 130.61, 122.18 (d, J = 10.5 Hz),
112.53 (d, J = 22.5 Hz), 109.34 (d, J = 24 Hz), 108.85,

107.73, 105.75, 101.97, 61.38, 56.00, 14.43 ; HRMS(ESI),
m/Z: FIB(H CioH,sFN,O, [M+H]355.1089, SZill{l
355.1093,

5,10- —HUE - 12H- 2K 51 [2,3][ 1,41 A 2« A 24 3
BEIH[5,6,7-de]MEk-1-H R L g (T 1) : IR ¥ €0 [ 1A
44 mg, YR N 59.4%, HPLC 4 99.25%; 'HNMR
(600 MHz, DMSO-dy), 8: 10.955 (s, 1H), 9.766 (s, 1H),
8.894 (s, 1H), 8.582 (s, 1H), 8.321 (s, 1H), 7.165 (m,
1H), 6.194~6.199 (m, 1H), 4.435 (q, J = 7.2 Hz, 2H),
3.939 (s, 3H), 3.737 (s, 3H), 1.408 (t, J = 7.2 Hz,
3H) ; *CNMR (150 MHz, CDCl3), 6: 168.98, 163.32,

157.24, 156.53, 153.29, 151.88, 151.63, 143.03,
134.70, 122.35, 111.01, 108.57, 108.09, 106.30,

105.11, 101.93, 61.38, 55.96, 14.46; HRMS(ESI),
m/Z: FIE(H CyH sN,Os [M+H]367.1288, SZil{H
367.1289,

S-H A - 12H-ME e 1 [4',3":2,3][1,4] A 22 A AL R
BEI1-(5,6,7-de]MEMk-1-F iR B (MM m): HEE A, 55
mg, WCEN 81.2%, HPLC 4liJF 99.42%; 'HNMR
(600 MHz, DMSO-dy), 9: 11.456 (s, 1H), 9.058 (s, 1H),
8.493 (s, 1H), 8.350 (d, J = 5.4 Hz, 1H), 7.442 (d, J =
5.4 Hz, 1H), 7.265 (d, J = 2.4 Hz, 1H), 7.161 (d, J =
2.4 Hz, 1H), 4.464 (q, J = 7.2 Hz, 2H), 3.962 (s, 3H),
1.427 (t, J = 7.2 Hz, 3H); "CNMR (150 MHz, CDCl5),
d: 175.53, 158.63, 163.25, 153.84, 152.10, 151.08,
150.34, 145.88, 142.68, 130.14, 116.44, 109.87,
106.14, 105.17, 102.37, 61.81, 56.12, 14.34 ;
HRMS(ESI) , m/Z e fH CisHisN;O4
[M+H]"338.1135, SZill{E 338.1131,

S-SR L 12 H-NEE I [37,47:2,3][ 1,41 28 B R
BEI-[5,6,7-de]MEWk-1-FH iR £, T (M n) . 1 €5 [ 1
62 mg, W% H 89.4%, HPLC 4fifif 98.87%; 'HNMR
(600 MHz, CDCls), 6: 11.831 (s, 1H), 9.145 (s, 1H),
8.508 (s, 1H), 8273 (s, 1H), 7.182 (m, 1H),
6.948~6.988 (m, 2H), 4.471 (q, J = 7.2 Hz, 2H), 3.946
(s, 3H), 1.473 (t, J = 7.2 Hz, 3H) ; '>CNMR (150
MHz, CDCl;), J: 168.99, 163.10, 154.94, 153.65,
151.98, 149.68, 146.62, 144.38, 143.81, 140.10,
115.09, 109.56, 107.02, 106.06, 102.75, 61.74, 56.02,
14.40 ; HRMS(ESI), m/Z . it {H CsHsN;0,
[M+H]"338.1135, SZill{E 338.1138,

5-98.-7,7a,8,9,10,11,11a,12- )\ & 3 C FF[1',2":2,
301,41 — & 2% 3K B I [5,6,7-de] 1 Wk -1- H R 2 i
(Mo): #EAMEIA, 63 mg, WK 95.7%, HPLC 4i
JE 99.49%; '"HNMR (600 MHz, CDCl;), 6: 10.086 (s,
1H), 8.911 (s, 1H), 6.860~6.880 (m, 1H), 6.215~6.236
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(m, 1H), 4.485 (s, 1H), 4.422 (q, J = 7.2 Hz, 2H),
3.228~3.267 (m, 1H), 3.099~3.139 (m, 1H), 2.189~
2.212 (m, 1H), 2.036~2.057 (m, 1H), 1.807~1.814 (m,
2H), 1.296~1.528 (m, 7H); "“CNMR (150 MHz,
CDCly), 5: 169.38, 164.46 (d, J = 322.5 Hz), 156.22,

154.47(d, J = 15 Hz), 152.68, 149.54 (d, J = 13.5Hz),
105.52, 103.58 (d, J = 21 Hz), 99.35, 99.20, 99.03,
60.50 (d, J = 15 Hz), 59.35, 32.89, 32.39, 23.79 (d,

J= 6 Hz), 14.47; HRMS(ESD), m/Z. ¥t {4
CisHy0FN;0, [M+H]"330.1612, S2I{E 330.1616,
9-%.-4,5,6,7- T & -[1,4] — & Z £ BE I [5,6,7-de]
MEIRR-3-H R (T p): BEEEA, 53 mg, WCRN
96.4%, HPLC #fiJf 99.37%; 'HNMR (600 MHz,
CDCly), 0: 10.637 (s, 1H), 8.923 (s, 1H), 6.909~6.928
(m, 1H), 6.300~6.321 (m, 1H), 5.383 (s, 1H), 4.349 (q,
J = 6.6 Hz, 2H), 3.708~3.722 (m, 2H), 3.584~3.596
(m, 2H), 1.401 (t, J = 6.6 Hz, 3H); "*CNMR (150 MHz,
CDCly), 6: 169.81, 169.25, 164.94 (d, J = 265.5 Hz),
157.74, 151.56, 104.78, 102.76, 99.48, 99.34, 99.17,
60.95, 47.47, 46.83, 14.47; HRMS(ESI), m/Z: it
{ CsH,FN;0, [M+H]"276.1143, s£{E 276.1139,

5- W4 %k -7,7a,8,9,10,11,11a,12- )\ & ¥ & If
[1',2":2,3][1,4] —~E A BEIH-[5,6,7-de]MEMk-1-F iR &
(M q): B A, 65 mg, YK 95.4%, HPLC 4[
[ 99.17%; '"HNMR (600 MHz, CDCl;), 6: 10.333 (s,
1H), 8.825 (s, 1H), 6.827~6.830 (m, 1H), 6.209~
6.212 (m, 1H), 4.782 (s, 1H), 4.321 (q, J = 7.2 Hz,
2H), 3.816 (s, 3H), 3.294~3.335 (m, 1H), 3.287~3.127
(m, 1H), 2.211~2.234 (m, 1H), 2.139~2.160 (m, 1H),
1.821~1.836 (m, 2H), 1.315~1.528 (m, 7H); "“CNMR
(150 MHz, CDCl5), 5: 168.69, 163.32, 156.43, 149.30,
149.02, 102.72, 100.86, 98.63, 97.86, 61.10, 61.05,
58.72, 55.68, 32.70, 32.40, 29.83, 23.82, 23.73, 14.46;
HRMS(ESI) , m/Z O {H CioHpuN;0;
[M+H]"342.1812, SZi{E 342.1813,

9- 1 4 3 -4,5,6,7- DU & -[1,4] — A 4% ¥ pE Jf
[5,6,7-de] W Wk -3- F R 2 iR (M v) 3% #% (0 [ 44,
53 mg, YN 97.1%, HPLC 4iiF 98.06%; 'HNMR
(600 MHz, DMSO-dg), 9: 10.219 (s, 1H), 8.664 (s, 1H),
7.182 (s, 1H), 6.487~6.492 (m, 1H), 6.261~6.265 (m,
1H), 4.461 (q, J = 7.2 Hz, 2H), 3.771 (s, 3H),
3.610~3.627 (m, 2H), 3.374~3.390 (m, 2H), 1.314 (t,
J=72Hz,3H); "“CNMR (150 MHz, DMSO-dy), d:

168.38, 161.84, 156.80, 154.00, 151.06, 150.82,
101.75, 99.14, 98.06, 97.11, 59.93, 54.97, 47.07, 45.79,

1431 ; HRMS(ESI) , m/Z : i i C;sH;7N;04
[M+H]"288.1343, SZl{E 288.1341,
1.3 RIESMK
13.1 ##ME4E

'HNMR il "CNMR #4F: DMSO-d, fil CDCl;
A RITAGEE R, TMS NS A& Wik T

L
132 “4EmE

3555 R G0E FAPE SR DL+ /bt S R g i
AREE I FEF] ( XbridgeC18, 250 mmx4.6 mm,
Sum) , FEhH A K VOK) @ M(C.L)=99.8 : 0.2;
Wt B A ONE, HERCA 40 °C, R KA E
Y KWK, WM 1.0 mL/min, 06 5448
Z ST 22 [) 1) 3 B85 B A5 A, 6 B R R I I
£ 1

xRV

Table 1 Gradient elution program
N LBl A WaiAA B
s} ] /min N %
IR 8% R385/ %
0 80 20
15 60 40
30 40 60
40 10 90

Huwgmk Z oMb S Wi, T 9 i O R
il 1 mL P28 R 1.0 mg BFEIRATE i
AP, G RO VAR 20w, TE AR (35
B, JesrEiklEl, Dlmnfa— s R S e .

2 HRSIE

2.1 LR

DL 5-9R-12H- 78 31 [2,3][1,4] & 2 A& 2% ¥F B 3
[5,6,7-de]MEWk-1-H1 ik ZHR (M a) } 451, Ma () '"HNMR
TEEE 3 iR

9 10
8 11
o NH O —CHs—
6 X 0"
22
Fo N a
—CHr—
2
_NH— 6
J |
S
g 8 2538 2 2
2 ) 3 3332 ) S &
12 10 8 6 0
J

K3 la ¥ '"HNMR &[5
Fig. 3 'HNMR spectrum of Ia

f P 3 A%, Ma () "HNMR H7,6:11.590 (s, 1H)
)8 H—NH—R) H A= 0ik%, 9.130 (s, 1H)HE N
2 C | HAL#AiF%, 7.388 (d, J=10.2 Hz, 1H)H
J&R 44 C I H A=A F%, 7.238~7.250 (m, 1H)H
J& A 61 C I HAL2EAi RS, 7.105~7.126 (m, 2H)Al
7.025~7.061 (m, 2H)H & 4B & FE KB A 1 8~11 1 C
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540 &

FHAEA (K3 a P JEE ) , 4470 (q,J=
6.6 Hz, 2H))7J@ —CH,— I H {L2# i %%, 1.470 (4,
J=6.6 Hz, 3H)IHJE & CHs;— I H fk220i %

Ma A PCNMR % & Qi 4 iR

9 10
8 11

7 lla

[0} Nl}; (o]
e \al o™
PSRN 2 foren
b
/ —CH,— CH;—
6a
—Cco— 33127a la 3ag
il L
(I |
: ! ! : . vy
160 140 120 100 80 60 14.1
é

Bl 4 Tlaft) "CNMR A
Fig. 4 '">CNMR spectrum of Illa

&l 4, 6 168.78 itk C FHIEIE; 5 164.60 (d,
J =252Hz)}y 5 {ii C F#{iEE, §156.80 (d, J = 13.5 Hz)
2 7 C H5fiFIg,6 153.05 (d, J = 13.5 Hz) }y 3a fii C
FRIEIE | 0 152.54 2 6a fif C ##1EIE, 6 151.39 4 12a
i C FRiFIg, 148.82 24 7 fif C H¥fiFIE, 5133.76 K
1la i CHFfEIE, 6 125.85, 125.54. 121.70 HHIR
ERARIE H W CHRpENE (B 4 b FrPya i,
8~10 11 C) , 6110.35(d,J =19.5 Hz)Jy 3a' fif C 4%
fEWE, 0 107.28 (d, J = 27 Hz)H 6 fii C FRfEls, o
102.71 4 1 {37 C #¢fiEl ,661.51 J4J8 —CH,— |- C
FEEE, 614.39 IHJE M43 CHy— 1 C Rk,

zi Faln, Ma i "HNMR #1 “CNMR ¥ 5
HEER A5
22 REMEHHEL

DL 4-80-5,7- "R EMR-3-FRR O R (T a) 548 R
FARB ()G A EAR, 556 n(1a) : a1l
a)=1 1 1.2, #EFE DMF R NER], ST R 2 h,
XA BN AR T T e, S5 LR 2, HAER
FERRXT S I [R5 ], ¥ i) s 07 3 B 90 °C o % 2
AL, XA LN, 8 = L DIPEA B F
AL, GRS AR 75.0%F 83.7%. 1E
X E, TCHLBEE F ik R B AR R A, G i
ROHIH 59.2%H1 68.4%, HHLLTBREREN, BRIER4HE
R TR R R, MR E . W IICERE, A
BLBR Y R5CR AR X B o PR, SE 8648 LA A DIPEA.
YRR XTI A SOV 52, e 2 nl g, 4
KW IREE R 60 °CHE, PRE WA 40.4%,
WL TLC (BIFH: V(AR « V(HEE)=10 : 1)
KB g, RIAE m/Z=345.24 A IS5 S, 7
B AL IS R Il 45.8%, HPLC 4k
98.03%, & &R [ "THNMR (600 MHz, DMSO-dj),

5 11.457 (s, 1H), 9.873 (s, 1H), 8.970 (s, 1H),
7.174~7.210 (m, 2H), 6.872~6.893 (m, 2H), 6.576~
6.660 (m, 2H), 4.472 (q, J = 7.2 Hz, 2H), 1.476 (t, J =

6.6 Hz, 3H) ), /3 Hr&5#4 0 R S ER 1) v ()44 T a-1 ( &
5) o MFrE RV IREER, FE AR a-1 SEAZ R A
B RSP TE A B S, R R IURIR A Y
Ma CREE S T — 1523 2); HEE T2 100 °C
A AGISCR A EE 90 °CRY A FIrFEAIR, M2 mAs £,
L, A BRI R 90 °Co o Xt S0y i
B HEAT Tk, 45520 2 h IS0 i LA Ik B 2
FE R Sz 07 B [ 38 A AT BH dod ol 3 o f A 3 e
AR n(1a): n(lla)=1: 1.2, DMF HJZ i
WA, BRI 2 h, ALY DIPEA, ik
FER 90 °Co FEMAMT, Ma AYUCEATIA 83.7%.

E s
Fig. 5

MMa-1 f)25Hy
Structure of MMa-1

2 FARBANL

Table 2 Screening of cyclization reaction conditions”

75 i HE/C A [a]/h W%
1 =M 90 2 75.0
2 DIPEA 90 2 83.7
3 Ry 90 2 59.2
4 TR 4 90 2 68.4
5 DIPEA 100 2 71.3
6 DIPEA 80 2 69.5
7 DIPEA 70 2 56.7
8 DIPEA 60 2 40.4
9 DIPEA 90 3 82.6
10 DIPEA 90 1 70.7
11 DIPEA 90 0.5 35.8

ONAvE IE
(0.40 mmol ),

Ia(0.20 mmol), Ta (0.24 mmol) FlfK

23 EYHEEEHAR

1E LR N T, =B HERTHAER
o7 Xt JES ) N 55 A 2B R AR R A 38 T L, &5 5 W
3. £ 3 PR RS RN JEYITE
B A TR A g o e, MR RO R
BURIE, SERZHN IR 25 (TTa, b, TId
fille) B, FHEF=YmT LB EICE (80.3%~
85.6% )o HAKJE R A AEIA I 45 i T HUR A F T30
AT, BRI E (e BBCE N 85.6% ),



o5 2 oz

G MEMRZ IR RS E W — 5 - 463 -

P b T U A T30 5 ST, ORI
(Id BYHCRT 80.3% )o A% Mk e 22 5
KA, WY LIRRE Ta b Ib, 3H
B PIRWCR YRR, UL IIAR L AR A SR 2
R FEL ) M I B R e A R 2 5 14 1 %
T 2 25 A B S I Y 64T

®3 EMZITHATEY

Table 3 Quinoline polycyclic compounds

e I I m %
1 Ta APEEREH (a) Ma 837
2 Ta 2-2EEXRGH (1Tb) Mo 816
3 Ta A% (c) Mc 864
4 Ta  2-FHE-S-HER (11d) md 803
5 la  2-FEE4-WHEEED (Ie) Me 856
6 Ta  3-F%E-4-&3EmMnE (1If) me 958
7 Ta  3-8{%-4-F%EmmE (Tg) Mg 945
8 Ib  AB&EHEEM (Ma) Mh 750
9 Ib  2-ERm (1b) mi 64.0
10 Ib 4B () 11K 79.0
11 Ib  2-&FE-5-FOEE (11d) Mk 563
12 Ib  2-FFE-4-HEEE (Te) M1 594
13 b 3-%%E-4-%%EmE (Tg) Mm 812
14 Ib  3-FFE-4-FIEMnE (1If) Mn 894
15 Ta 12-—&JEHFCH (Th) Mo 957
16 la  ZZheshigsh (11) Mp 964
17 Ib  12-—&EHK ke (Th) Mq 954
18 Ib  ZZREEmRER (1) Mr 971
19 Ia SEERE (1) I's 0
20 Ib  ZEE (1) Mt 0

m@
(//iy\ﬂ 0 ~ FEN o 0
R! N7
JIf I s-1

MRS R OMH AR, MR BEY R
M FiF, [A—#ERRF (Ta~Tg) EZBURHS X
RIS BT R R (56.3%~89.4% ), X2 N R
N7 JEE 9 R R SR AE M P R BR R TR T
5, MERARNZM . fh, 7E IR EAER N 4
PFR, BUE T BRA SN I B 4 AR 55 A JEXRGE
Kl 038 FTE L (P55 15~20), & %5 1,2-3
O e HLA B B E SRR RE T, A (o~
M )R TE 95%LA b, 1 O BENAE Jy 25 35 B
Toit & Taif & Ib, FEAHTEIAY N S5 A5 A 2 50
B, X ULBAE DY AR R SR 5 M SR AL R AN
FIF S5 A% IR S B 64T, % R ADE R Y A S
FZ A RN
2.4 RN

FRE S IO 5, HEIA A S HLEL AN E 6 B o
Hoe, AW 1 H 4 fTEJEF AW FRE TR 3 7
BIL B T T a2 R, FEEA
JEF B AR AR R T L % N, B
S KA ER BRI N . I, SCEZARF T P oE 8
RE Sy am A e e b sk 54 1Ry 4 (kR
T, BB EY s-1, BEW s-1 KAEFRFHEBGH]
HKEW s-2, SRIEHE—5F HCL, S —2E
BUR R, S8R T -1, sEfkd 5 (kR T
PR G 360 J 7 1) 5 O FEL T B T 2R B R o % R O
A LR AT B SEAZEUR R N . AR T -1
HOYH BT RLHEI S LR IR A RS S s-3, A
s-3 RAEFHEBIBHKEY -4, RIGHER—5T
HF, HZAA53Z=Y1,

HY YH

ClH O

BT —HCl
J M a
R .. N/

A S e SR

K6 mIRERY SN HLEE

Fig. 6 Plausible reaction mechanism

w
¥
&

DA W73 A ) 1A [ 286 8 19 X A% X5 A e oy
JEORE, k" SE RGOS, ST

PRI, B AR T — R L 0 R &9 .
ZILAW I 45 F 2 "HNMR . *CNMR #l HRMS
WiUE, HPLC K2R KT 98%, S IRy [l
K 56.3%~97.1%. MEWZ T RILEW L IE &
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