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Synthesis of Quinoline Derivatives by Friedlander Reaction Catalyzed
by Ruthenium Complexes of Substituted 8-Hydroxyquinoline
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Abstract The Friedldnder quinoline synthesis method is a reaction of o-aminoaryl aldehyde or ketone with methyl ketone to
obtain quinoline. In this paper, a method for synthesizing quinoline catalyzed by ruthenium complexes of quinoline was
reported. Using 8-hydroxyquinoline ruthenium complex as catalyst, the reaction conditions were optimized. The effects of
different substituents of 8-hydroxyquinoline ruthenium complexes on the reaction yield were comparatively studied. Among
them, 5-methyl-8-hydroxyquinoline (1e) ruthenium complex catalyzed the synthesis of 2-phenylquinoline from o-aminobenzyl
alcohol and acetophenone with the highest yield of 73%. The relationship between ligand structure and catalytic performance
was discussed by combining IR, UV and density functional theory (DFT) calculations. A possible mechanism was proposed,
which included the formation of aldehyde transition state through f-H elimination, cross aldol reaction, imination cyclization
and finally dehydration to produce the target product. Using (1e);Ru as catalyst, 32 quinoline derivatives with different
substitutions were synthesized with 69%~94% yields under the optimized reaction conditions, which confirmed the generality
of this method.

Keywords ruthenium complexes of 8-hydroxyquinoline; catalysis; Friedldnder reaction; quinoline derivatives
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Scheme 1 Synthesis of substituted quinolines by classical
Friedldnder reaction
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Scheme 2 Synthesis of quinoline derivatives by Friedldnder
reaction catalyzed by (1e);Ru
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Table 1 Catalyst screening experiments

o A
(IOH . Catalyst P
CH3ONa/CH50H N
NH,
70°C 4a
2a 3a
X
ligand: P
N
OH 4,

Metal: Cu, Al, Ir, Pd and Ru

Entry Cat. Conversion rate/% Selectivity?/%
1 — 0 0¢
2 (1a):Al 0 0¢
3 (1a)2Cu 12 37
4 (lajlr 14 35
5 (1a)2Pd 16 35
6 (1a);Ru 32 33

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4 Reaction conditions: n(2a) . n(3a) . n(CH;ONa)=1 . 1.1 I 1.3, n(cata-
lyst) : n(substrate)=1 : 1000, air atmosphere, solvent: CH;0H, 70 C, 6 h.
b Conversion rate (CR) and selectivity were obtained by HPLC analysis and the
peak area normalization method was used for calculating their relative content
of compositions. “No reaction.

T 40%00 B AR =ik ek, B RERIFAR, SR
ANFEAE(Table 1, Entries 3~5). R (1a);Ru #8158 T 32%
ML Z, o i 4 1) (Table 1, Entry 6). Ru FH40M &
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12 SERMNEFHER

) AT 22 2 H I (2a) R4 2 R (Ba) AR AR S N,
K (1a);Ru AR, XRS5 BRFRE A &
WA IR ARG (C/S) RS FE AT 1]
BEAT Tk, G5 WER 2. MR T4, ik
Ja R BLZ6 AT AR K I (2a) MR 2l (3a) LA 1
1.2 MY E L TR, 1.3 equiv.®) CHsONa A
B, FEINA 0.5 mol%[I(1a)sRu fEANMEALT, 76 Ny fRIF
TT 60 CTKRRIL6 h, IA1FE] 7T4%MFALEE, 70%H H
PRF=IE R
1.3 AREIEARE 8- EMEWE (AL itaEE 5

(1a);Ru TENMEACIRAL R AF IR, ROVARERS S 74%
IFEAL R, T0%MER I, IRBAH S AR T — RIIAF
AR EE 8-FR BV IRAT ALY, JFREAR T AR &R &)
B R DG F 15a- 1501 g Ak B A 22 2 75 2 5 M) s L4 A
e, 2T LASRAS I R AP AR AR T A RIER
8-F2 FLWMERATAE Y 1a~1s (Scheme 3), HAFE NBAATTE
.
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Table 2 Optimization of reaction conditions
Entry n(2a) - n(3a) Atmosphere  Base (equiv.) Cat. (C/S) Temp./C Solvent CR/%  Selectivity?/%
1 1:1.1 Air CH30ONa (1.2) (1a)s;Ru (0.1 mol%) 70 CH3OH 32 33
2 1:1.1 N2 CH3ONa (1.2) (1a)s;Ru (0.1 mol%) 70 CH3OH 40 43
3 1:1.1 Ar CH3ONa (1.2) (1a)s;Ru (0.1 mol%) 70 CH;0OH 41 42
4 1:1.1 N2 —b (1a)s;Ru (0.1 mol%) 70 CH;OH 0 0°
5 1:1.1 N2 NaOH (1.2) (1a)s;Ru (0.1 mol%) 70 CH3;OH 50 26
6 1:1.1 N2 +-BuOK (1.2) (1a)s;Ru (0.1 mol%) 70 CH;0OH 40 33
7 1:1.1 N2 KOH (1.2) (1a)s;Ru (0.1 mol%) 70 CH3;OH 47 29
8 1:1.1 N2 KoCOs (1.2) (1a)s;Ru (0.1 mol%) 70 CH;0OH 17 54
9 1:1.1 N2 Et3N (1.2) (1a)s;Ru (0.1 mol%) 70 CH;OH 2 1
10 1:1.1 N2 Pyridine (1.2) (1a)s;Ru (0.1 mol%) 70 CH;OH 2 1
11 1:1.1 N2 CH3ONa (1.2) (1a)s;Ru (0.1 mol%) 82 CH3CN 29 44
12 1:1.1 N2 CH30Na (1.2) (1a)3Ru (0.1 mol%) 67 Tetrahydrofuran 11 54
13 1:1.1 N2 CH3ONa (1.2) (1a)s;Ru (0.1 mol%) 85 tert-Butanol 53 35
14 1:1.1 N2 CH30Na (1.2) (1a)3Ru (0.1 mol%) 111 Toluene 57 51
15 1:1.1 N2 CH30Na (1.2) (1a)3Ru (0.1 mol%) 102 1,4-Dioxane 32 60
16 1:1.1 N2 CH3ONa (1.2) (1a)s;Ru (0.1 mol%) 100 DMSO 22 24
17 1:1.1 N> CH:ONa(12)  (1a)sRu (0.1 mol%) 100 DMF 1 2
18 1:12 N2 CH3ONa (1.2) (1a)s;Ru (0.1 mol%) 110 Toluene 53 56
19 1:1.3 N2 CH30Na (1.2) (1a)3Ru (0.1 mol%) 110 Toluene 58 56
20 1:14 N2 CH3ONa (1.2) (1a)s;Ru (0.1 mol%) 110 Toluene 59 57
21 1:1.5 N2 CH30Na (1.2) (1a)3Ru (0.1 mol%) 110 Toluene 61 57
22 1:1.6 N2 CH30Na (1.2) (1a)3Ru (0.1 mol%) 110 Toluene 59 57
23 1:2.0 N2 CH30Na (1.2) (1a)3Ru (0.1 mol%) 110 Toluene 50 57
24 1:1.2 N2 CH30Na (1.1) (1a)3Ru (0.1 mol%) 110 Toluene 53 55
25 1:12 N2 CH3ONa (1.3) (1a)s;Ru (0.1 mol%) 110 Toluene 68 62
26 1:12 N2 CH3ONa (1.4) (1a)s;Ru (0.1 mol%) 110 Toluene 67 61
27 1:1.2 N2 CH30Na (1.5) (1a)3Ru (0.1 mol%) 110 Toluene 51 59
28 1:12 N2 CH3ONa (1.3) (1a)s;Ru (0.2 mol%) 110 Toluene 67 63
29 1:12 N2 CH3ONa (1.3) (1a)3Ru (0.3 mol%) 110 Toluene 69 63
30 1:12 N2 CH3ONa (1.3) (1a)s;Ru (0.4 mol%) 110 Toluene 70 63
31 1:12 N2 CH3ONa (1.3) (1a)3Ru (0.5 mol%) 110 Toluene 73 64
32 1:12 N2 CH3ONa (1.3) (1a)s;Ru (1.0 mol%) 110 Toluene 75 65
33 1:12 N2 CH3ONa (1.3) (1a)s;Ru (2.0 mol%) 110 Toluene 74 65
34 1:1.2 N2 CH30Na (1.3) (1a)3Ru (0.5 mol%) 20 Toluene 0t 0?
35 1:1.52 N2 CH30Na (1.3) (1a)3Ru (0.5 mol%) 40 Toluene 64 63
36 1:12 N2 CH3ONa (1.3) (1a)s;Ru (0.5 mol%) 60 Toluene 74 70
37 1:1.2 No CH30Na (1.3) (1a)3Ru (0.5 mol%) 90 Toluene 77 64

@ Conversion rate (CR) and selectivity were obtained by HPLC analysis. ® No alkali added. ¢No reaction.

TE R HI R BE26AF R, ¥4 I (1a);Ru~(1s);Ru gER N 3.
FHT-AR a8 8 FH S (2a) AL 2B (3a) SN & YL 2-78 Jk i TRABLE MERER N AR AL 48 hn BUACSE 3R W, 5 A
Wk (4a), TRZEAFB 8-FLFEMEMR LR & i (AL M B, TN, {5 2474 BURIE R 2% & %) (1¢)3Ru,

R3 AFEEEE 8-75 B AT AR HE AL R @
Table 3 Catalytic performance of 8-hydroxyquinoline ligands with different substituents
Entry Cat. Positions of substituted CR/% Selectivity?/%
1 (1a);Ru — 74 70
2 (1c)sRu 2-Substituted quinoline 17 18
3 (1d)sRu 2-Substituted quinoline 45 20
4 (1g)3Ru 2-Substituted quinoline 64 13
5 (1h);Ru 2-Substituted quinoline 52 16
6 (Ir);Ru 2-Substituted quinoline 63 11
7 (1s)sRu 2-Substituted quinoline 54 20
2530 http://sioc-journal.cn/  © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2023, 43,2528 ~2542
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Bk
Entry Cat. Positions of substituted CR/% Selectivity?/%
8 (1b)sRu 7-Substituted quinoline 35 33
9 (11)sRu 7-Substituted quinoline 44 25
10 (1m)3;Ru 7-Substituted quinoline 52 38
11 (1i)sRu 3- or 4-Substituted quinoline 69 65
12 (1j)sRu 3- or 4-Substituted quinoline 75 72
13 (1p)sRu 3- or 4-Substituted quinoline 75 67
14 (1q)3Ru 3- or 4-Substituted quinoline 68 73
15 (1e)sRu 5-Substituted quinoline 81 96
16 (1k)sRu 5-Substituted quinoline 78 92
17 (In)sRu 5-Substituted quinoline 58 85
18 (10)3Ru 5-Substituted quinoline 52 90
19 (1f)sRu 5-Substituted quinoline 94 26

“@Reaction condition: 2a (1.0 mmol), 3a (1.1 mmol), CH;ONa (1.3 mmol), n(catalyst) : n(Substrate)=1 : 500, toluene (2 mL), 60 ‘C, Ny, 6 h. ® Conversion rate (CR)
and selectivity were determined by HPLC. ©No substituent.
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Scheme 3 Synthesis of substituted 8-hydroxyquinoline derivative ligand
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(1g);Ru, (1d):;Ru, (1h);Ru, (1r);Ru Fl(1s);Ru ¥ KT
20%3%k 1 (Table 3, Entries 2~7). A GES2 T N AR A
HUAHERS, FAsla oz PR, AR TR 5 251 i
Bz, PRI N AR A BURIE I F AL R AL PRI PR, [H)
FERIE DL BLAE 7 A B B 9 4% & ) (1b)sRu,
(11);Ru #1(1m);Ru (Table 3, Entries 8~10), A fEKIH H
WAET OH SBALAEFI I 1 AL 2= R A2 BH, ASH)
TRV ST LA, RIS 3 R 4 AL ER I
R PR EL/N, ARG RS 8-F2 JE M IR AH 4 (Table
3, Entries 11~13).

RUFM 45 R H AL 5- B bk 2% & 4 (10)3Ru,
(1k);Ru, (1n);Ru Fl(1e)sRu, HFHE T KT 85%ikHEME
(Table 3, Entries 15~18). W HLF HURELAH HE(10) FIEE
(In) IR BEIE EORRS, (AR AN I T %, A& e
TSR AR, TR A L B R AR (1)sRu (R MREAL
PERELT, FAGERIRR) T Semit 94%, HILEREMEHIER
AR 26%, A KEE]=Y) 4 i(Table 3, Entry 19).
fEALFI(1K)sRu Fi(1e)sRu 2 5 A BUREEMECA, A
SACHI BB AR. HE P RS AN B3, (HAERE =
BT B 23 TR WP AR S 1, ORIEAE SRAS AR IR 5
PER A A R AP0 2E, (1e);sRu 3RAF T 54 s
06 285 B8 1% AL RN 96% (1) %14 )(Table 3, Entry
15). JEEENIBBE AT, AP e ik 48 5-FF 2k -8 B ik
(1e) NS HEAT AH A 55

IR

N

120

100

80+

Transmmittance

Absorbance

RIS ER T HAR IR 48 S A 1 RS2 ), X 2%
EIAT T IR FI UV RAE, SO0 i 45 e i IR A0 7 4
5 A0 e KBTI K 55 2 80 5 e A M ek L R B A —
R, S5 LA 1 AR 4 Bk,

RIECERIRIEL AR 1a B4k C—O WH N 470
em !, 244 )5 (1a)sRu ) C—O N 528 em !, #HAS:
JE-TC A A0 19 Bl ZL M B AR I
470 cm™ VA A PR B, [ AE 520 em P 2 AR
W, UESERCR SO &4 A BT Ru—O 4
F C—O BRI S MG BXR, R C—O0
DA S AT T TR A R

LHRIRIE(1a):Ru UV ME IR A CHCL 7R N7,
KRR 429 nm, ASCHERH CHCL 7R N7,
MFF(1a)sRu F KR KA 431 nm, 76 BIA LR
TEA. Gl IR e AR IR R KRS K S i PR AR 10
R, RIPK SRR 2 CBGES. (1b);Ru F(1e);Ru
I RCR U, SN 428 F1 429 nm; 1
(1e)sRu F(1k);Ru MIMEL R, B RO KN
444 F1 443 nm, R MANE 2.

K FH % P2 72 R PR R U7 vE (DFT) 8 58 7 (1a)sRu,
(1c)sRu, (1e);Ru %2514, 77154 m062x, C H O N ZE4H
N 6-31G(d), Ru 41K lanl2dz. X HELFIEET T & 11k
FAME, THEW TR A HOMO. LOMO
SRR, SR 2 A S s,

89 uv

— (1e)Ru
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Figure 1 IR and UV spectra of catalysts
F4 AR IR FIUV 455
Table 4 IR and UV results of catalysts
IR/cm ! Catalytic performance
E C d. uv/
niry . Ru—0 c—0 o CR/% Selectivity/%
1 (1a)sRu 3372 527 431 74 70
2 (1b)sRu 3438 538 429 35 33
3 (1c)3Ru 3286 540 428 17 18
4 (1e)3Ru 3439 542 444 81 96
5 (1k)sRu 3444 548 443 78 92
2532 http://sioc-journal.cn/  © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Chin. J. Org. Chem. 2023, 43,2528 ~2542
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Figure 2 Quantum chemical calculation diagram of catalysts
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Table 5 Quantum chemical calculation results of catalyst

(1e)sRu

Bond length/nm

HOMO(a)-LOMO(a) Catalytic performance

Enty  Compd 2 70 Ren () HOMORV LOMORV gap/eV CR%  Selectivity/%
1 (1aRu 0203 0210 804 —630467 —0.67078 5.63389 74 70
2 (IbRu 0204 0210 819 —6.13045 —0.66572 5.46473 35 33
3 (IsRu 0200 0215 814 —6.12713 —0.66283 5.46430 17 18
4 (lesRu 0200 0210 804 —633766 —0.63527 5.70239 81 9
5 (IksRu 0200 0210 803 —632899 —0.62135 5.70764 78 92

Xf F I AL AT o] DUR BN, 486 J5 Ru—O
BERBERKEEAR T %4 0.200 nm 7247, Ru—N K4
90210 nm AiAy, ZERFFANR. ARIE R I AL & 1 2 1)
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(1a);Ru FEYE R 4T R4 5 4(1e)sRu FI(1k)sRu, FJRERY
JiR DRITE T4 A ORI 3R K ) S S IR A R, I&AH]
THEATIRITEER. S A E P A ZE 11 (1b)sRu. Fl(1¢)sRu
1] HOMO(a)-LOMO(ar) gap {EAHX} 5 /)7 (Table 4, Entries

2~3), Egop (EAKK GG HER E
TGRS, PR RCRA AR,
14 RNHEHES

RIEAESE Friedlinder HEMRG BVEINLEE, 454548
EEMMEAL 2-HURPEIR K SCER[17]4E 5 tH(1e)sRu fiE 4L
RS HE IR T E (2a) M1 L (3a) S B 5 R 2- 7K Jk 1 Ik
(4a2)JHLEE, 41 Scheme 4 7.
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Scheme 4 Possible reaction mechanism
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DAAR 2 5 7K H % (22) A1 2K 2L (3a) MR 46 2-4
Sk (4a) A, B SE(le)sRu S5 AR T HEE (2a) Bt fA
ZHASB|FAE §, L p-H T KA B B s i
PR KOFEWAERT, o R EME LT, DL
BH JE A LI sl 7125, HE5EEAE X aldol J A= ik
R A iy AR5 PR TRIA iv AR R RS 5 15 31 ) 4
v, AR v AR R vi, FEB 2 — T Rk %
REFRFEY) 4a, 1e FE5EFFHREA i 25753
(1e)sRu, JERAEH IS FRAC BIMEALIIIE . IS UENLERLE
SN EFEH DL HPLC-MS & FEERER B, R ILTE N 0.5
h Jo BEA B A T AR i A B, (B IR AL TR
FERAS, & 4.5 h 5 WS R A b 44 b, UESE T
1 2 B3 AR AR A R 2 i AR R, (AR R F a4 TG
FUZR R 58S RS = D ARAEAR R B it —
IS UEALEE, RA T A AR B I 2 A BN I 2,
Fii W33k 4T 9256, HPLC-MS &R 0.5 h J5 B BB s
HpE AR AR R, R SR S MR JE A  —E PR AR K
M2 AW AT R R B 45670, [P T
L DAAR G R H N i RS 2K ZBRTE AN Ru #4671
ZAF R LLSEEE, A B AR Ak, (ElCRE AR, L
A 25%, [FIREILEE]T — @ & 1 AR R H RS 4 6
VIR Rl SR A R R A T AR i e, FRIE SR

A T RN A BRI R, R R KR 4T
FE 5 R 6 s AN,
1.5 RYY REEHR

NT IRFEIARKE LT 1 BRI B s, %5
BT — RV L (3) 5 48R 3 2K H R (22) (1) Y.
ERAE RN AT, Ph(le)sRu AEAFIE KT 20 A
A HAR 2- R T RAT AR 0 (4), WIER 6 Fiow

MEAREEAH AT, 4B RIS A EAR 2K 2B 5 A4 2
P H X o BAR e g F AR A R TR Az, et R AR P2 )
4o SN 93%, 1T 418 AN (1] FE AR B =4 4i A de UK
K 82%FH 83%, W EHLA =W 4j U EE R 92%, 4R
FHRL EAR =) 4d T 4g FIRCE R 84% K1 86%. B HY
ARIE 2 M F S L, A% A 2 A AL BHL 5 SO IR AR
. 2K TR R R 3 A S ik T S ) 7 R S e A
K, W H TR FE AR ) 4n 3845 94% IR, Tt H T
ARBURI 40 FIFEIRIE T 93%AINCR. MHLEE 437k
F, KO EIR RS 5 EAK, HEF N R
IS A LSNP A G el 1 AL N DO
. AERIELRIIW de, 4p, 4s F1 4t R AT
HEBURIE WA, 7T HE 2 B3 2 R I N AA & s,
SEUCR R,

K6 K LERT AR R SR T @

Table 6 Research on substrate expansion experiment of acetophenone derivatives

0]

X

OH N (1e);Ru P
R;* CH3;ONaltoluene N -
NH, / e \ e
2a 3 4 R

4f, 88% 49, 86%
N X X
~ pZ 7
T, w7
Br | o
4k, 89% 41, 84% 4m, 83%

4p, 72% 4q, 89%

P4
z
o
N

4r, 86%

4s, 73%

4 Reaction conditions: 2a (1.0 mmol), 3 (1.2 mmol), CH;ONa (1.3 mmol), (1e);Ru (0.5 mmol%), toluene (2 mL), 60 C, 6 h, N,. Isolated yield.
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FET IR WA LG 45 B Uy, BRpit— 03 RE
PIEE . RERAZ 55 EEE, AT 9 AR 2-Bufm
WRATAYD 5, Wik 7 Ais.

KT HAEEEHIRT «
Table 7 Exploring other ketone substrates

(1e)3Ru
(j\ﬁoH . i CH,ONa m
NH, R? toluene N/ R2
2a 5 60 °C
CoL. o0 oo
=
N
5a 71% 5b 82% 5¢ 80%
B AN B
N
N~ s N7 \ S N~ \ o
_ / //
5d 89% o,
5e 84% £ 85%
5g 88% 5h 72% Br 5i 78% SN

¢ Reaction condition: 2a (1.0 mmol), 3 (1.2 mmol), CH;ONa (1.3 mmol),
(1e);Ru (0.5 mmol%), toluene (2 mL), 60 C, 6 h, N,. Isolated yield.

TES AR A T RS F T 2% 75 A B, g RaT
DLEH, AR RIS 2-2 B, 2-ZBEMEDy . 2-
CTBEMLIE AT 2-Z5 B R PR ALAR TR 7373 LA 85%- 84%-. 79%
A 88% M AT E| H AR/ =4 5d~5g. % TiEMERH T
FORASWIER, P45 5b Ml Sc B ZE A 85%7%K 4.
PR DAAE DO AR B0 72 22 3K A5 72 ) Sa, FL45 5 SRR
ABUs R — U4, PR B e 2 0T AR TR M, ik S
TR M2 FEUCRAG. AR L2 R T LLFD 7-iR-
3.,4- A 2H-1-Z5 0 7- AR - 2R IR OB, 43l DA
T2%H1 78% I ZR A5 B AH N 44) Sh 1 Si.

MHEEXHFEHTHEAE -MEBERES TRE
LR, HATAEYAR G BN &5, PRt ik
B LR AR ECH 2 A3 R R TIR R, SRR T 69%~
81%My a2, 4 ik 8 Fik.

2 #ip

ARSCHFFE T — T s R AT 28 & WA A R ms Ik 11 77
1k, PLOS-HIJE-Q- SR L IRAT 2 A WAL B 2-EAR
WRATAEY). B o LA &34 2K I (2a) FIK 2B (3a) & Bl
2-FRFE MR (da) AR S B, DL 8-FRFEMEMRET 25 A 0N
AL T RN, BB AT 19 A 8-Frdkng
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KR8 ABEIEIE P EATEMRIIIRIL
Table 8 Research on the substrates of o-aminobenzyl alcohol
derivatives

(1e)sRu N
toluene N
60 °C
6
Cl
COL. T, CO
~ ~ ~
O YO TTO

6a 76% 6b 69% 6¢c 81%

4 Reaction conditions: 2 (1.0 mmol), 3a (1.2 mmol), CH;0ONa (1.3 mmol),
(1e);Ru (0.5 mmol%), toluene (2 mL), 60 ‘C, 6 h, N,. Isolated yield.

MOREC AR, HR FTAS [F] A A R TC A PR A 7500 e R 2
QoM. o, S-SRI MEMRET 45 A W) (1e)sRu B
HAEMECE, RIS SR M TIEAT T RIES 450
PERE R RIRA. W, AT TIRWY &, L6 sAF 2
Y 2-HUAR IR 32 AN, WRCRTE 69%~94% 2 18], I8 T J7
IR IE . %G TR B AR A R ROV g%
PRRAN . AV 5 Ab B A H R = 26 1 S AL

3 LIRS
31 X5

Frfir= &8 CDCly 5% DMSO-ds 1E N, TE
400MHz NMR Bruker Topspin 4.0.6 _EiE4T 'H NMR. 13C
NMR #A1E, 7 X500R QTOFB _b il & & 4y 9% i it
HRMS. 3256 BT 7 10 J5ORE KAl 77 350k B T w kit 52
i, ARGt dt— LAt B, A 5 A
Tkl N 200~300 H.

3.2 Bk 1a~1s A
3.2.1 B4R 1a 4= 1b 494 5%

A ) SO I 4 mL RS 3 mL /K, FIA
4.15 g (15.3 mmol)H ik, A ERE G/ 3.30 g
(14.7 mmol) 3-FH BRI RREN, FHRZ 65 'C/M 1 h,
SN 90 mmol HUAR AR Z 2L 28 Wy, i TR &=
120 'C, M. 12 h. WHIZEER, A 20 mL K, ZKiIH
TpHMEZE 7, LR LEREA)FEL, Jo/K NaxSOs T4, i
JE, R JA A EIE s B 8- ENR(1a), A EEIRIE
R, IE 76.4%. mp. 73~75 C (1t mp. 73~
75 C); 'H NMR (400 MHz, DMSO-ds) d: 9.77 (s, 1H),
8.91~8.81 (m, 1H), 8.32 (d, J=8.3 Hz, 1H), 7.55 (dd, J=
8.3, 4.1 Hz, 1H), 7.49~7.35 (m, 2H), 7.09 (d, J=7.4 Hz,
1H); ESI-MS m/z: 145.1 (M").

7- 3L - ¥R FE 0k (1b): [ R EROIR [ A, iR
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82.5%. m.p. 70~72 C (1lit!') m.p. 72 C); '"H NMR
(400 MHz, CDCl3) § 8.78 (dd, J=4.3, 1.6 Hz, 1H), 8.22
(dd, J=8.3, 1.6 Hz, 1H), 7.88 (d, J=8.5 Hz, 1H), 7.54~
7.43 (m, 2H), 2.57 (s, 3H); ESI-MS m/z: 160.1 (M+H)".
3.22 BUAR le~1j 894 5%

4 10.0 mmol FJHURABZEEARMIE T 150 mL i &
530N 18%I HCL H, AN 1.62 g (10.0 mmol) FeCls,
IR 90 C/ M 1 h, SRE 21N 10.0 mmol a,f-4
MRS (), 90 “CJ i 3 h. AHIZEREE A 250 mL
7K, NaxCOs WY pH 2P, EA ZXHL, JE7K NapSOy4
T, L UE, W4E AL Ak 15 2- F -8 Bk
(1c), tEEO R, WE 83.0%. mp. 71~74 C (lit.2
m.p. 72~73 ‘C); '"H NMR (400 MHz, CDCl;) d: 8.04 (d,
J=8.4 Hz, 1H), 7.44~7.36 (m, 1H), 7.33~7.28 (m, 2H),
7.17 (dd, J=7.5, 1.1 Hz, 1H), 2.74 (s, 3H); ESI-MS m/z:
1592 (M ).

2,5-  H 8- ¥R AR mE bk (1d): 3 B[ R, IRE
48.2%. m.p. 81~83 C; 'H NMR (400 MHz, DMSO-ds)
5: 9.07 (s, 1H), 8.28 (d, J=8.6 Hz, 1H), 7.47 (d, J=8.6
Hz, 1H), 7.19 (dd, J=7.7, 0.7 Hz, 1H), 6.94 (d, J=7.7 Hz,
1H), 2.70 (s, 3H), 2.51 (s, 3H); ESI-MS m/z: 173.2 (M").

S-FHJE-8-FR L ek (le): B A [E K, WX 71.2%.
m.p. 119~120 C (lit.2 mp. 119 C); '"H NMR (400
MHz, CDCL) d: 8.81 (dd, J=4.2, 1.5 Hz, 1H), 8.31 (dd,
J=8.5, 1.5 Hz, 1H), 7.48 (dd, J=8.5, 4.2 Hz, 1H), 7.33~
7.21 (m, 1H), 7.10 (d, J=7.7 Hz, 1H), 2.61 (d, J=0.7 Hz,
3H); ESI-MS m/z: 159.2 (M ).

5-HUAR -8 AL IR (1): # R [ 44, U 60.7%.
m.p. 98~100 C (lit.2" mp. 102 ‘C); 'H NMR (400
MHz, CDCL) d: 8.82 (dd, J=4.2, 1.6 Hz, 1H), 8.56 (dd,
J=8.5, 1.6 Hz, 1H), 7.82 (s, 1H), 7.45 (dd, J=8.5, 4.2 Hz,
1H), 7.10 (d, J=8.3 Hz, 1H), 6.80 (d, J=8.3 Hz, 1H), 3.98
(s, 3H); ESI-MS m/z: 175.1 (M").

2,4- W R 8- BE v R (1g): B A [ 4k, iR
38.4%. mp. 65~68 C (1lit.?? m.p. 64 C); 'H NMR
(400 MHz, CDCl;) J: 7.48~7.36 (m, 2H), 7.20~7.11 (m,
2H), 2.69 (s, 3H), 2.66 (s, 3H); ESI-MS m/z: 173.2 (M").

2,4,5- = FJE 8- ¥R FEwE bk (1h): [ (0 [ A, iR
32.4%. m.p. 89~91 ‘C; 'H NMR (400 MHz, DMSO-de)
5: 8.92 (s, 1H), 7.23 (s, 1H), 7.13 (d, J=7.8 Hz, 1H), 6.90
(d, J=7.8 Hz, 1H), 2.84 (s, 3H), 2.75 (s, 3H), 2.60 (s, 3H);
ESI-MS m/z: 187.2 (M").

4-FF L Q- ¥R B mE IR (10): A E A, IRF 34.5%.
m.p. 138~139 °C (1it.2") m.p. 140 C); '"H NMR (400
MHz, CDCly) 0: 8.66 (d, J=4.4 Hz, 1H), 7.49 (d, J=4.5
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Hz, 2H), 7.29 (s, 1H), 7.20 (dd, J=8.9, 4.6 Hz, 1H), 2.72
(s, 3H); ESI-MS m/z: 159.2 (M").

3-FJE-8-F2 SEmE Ik (1j): #E A [E K, I E 58.7%.
m.p. 110~113 C (lit2) mp. 112~113 C); 'H NMR
(400 MHz, CDCls) J: 8.65 (s, 1H), 7.93 (s, 1H), 7.44 (td,
J=8.2, 1.7 Hz, 1H), 7.28 (d, J=8.0 Hz, 1H), 7.13 (d, J=
7.5 Hz, 1H), 2.55 (s, 3H); ESI-MS m/z: 159.2 (M™).

3.23 LAk 1k A= 11 894 5%

IR NI 2.50 g (17.0 mmol) 8-F5FE AN 50 mL
N, BN 3.94 g (17.0 mmol) = &7 FURBL(H] % 1k)
5% 10.90 g (46.9 mmol) = S FURER(H % 11), KAk R
FER NHRE 2 h, JEORSE, HEOE S BE 5-H-8-5
FLvE R (1Kk): VR B [E AR, R 74.3%. mp. 123~
124 C (1it.'"¥ m.p. 124~128 ‘C); 'H NMR (400 MHz,
CDCl;) d: 8.84 (dd, J=4.2, 1.4 Hz, 1H), 8.53 (dd, J=8.5,
1.5 Hz, 1H), 7.64~7.49 (m, 2H), 7.13 (d, J=8.2 Hz, 1H);
ESI-MS m/z: 179.6 (M), 181.6 (M +2).

5,7- E-8-FRFEEEMR(L): B EE A, IE 65.0%.
m.p. 177~179 C (lit.!' mp. 178~179 C); 'H NMR
(400 MHz, CDCl:) 0: 8.92 (dd, J=4.6, 1.1 Hz, 1H), 8.17
(dd, J=8.1, 1.1 Hz, 1H), 7.76~7.65 (m, 1H), 6.90 (s, 1H);
ESI-MS CoHsCLNO m/z: 212 (M), 214.9 (M +2), 216.9
M"+4).

3.2.4 BELAR 1m 894 A%

3.36 g (30.0 mmol) -BuOK #F 200 mL FEK, {0
4.35 g (30.0 mmol) 8-F2FEFEMK[Y) 20 mL H 2K, W hN5e/E
T 110 "C M 30 min, PN 4.00 g (30.0 mmol)& -,
28 h, ¥ HIEE S I\ 2 mol/L HC1 2 pH #| 3 4%
SN 1 h, H Na,COs WA pH A 8, 77, Jo/K
Na;SO4 T, IR IR, A% Ee 7-F5E-8-
FEE MR (1m), K A G E K, UFE 12.4%. mp. 95~
98 C; 'H NMR (400 MHz, CDCl;) d: 8.79 (dd, J=4.2,
1.4 Hz, 1H), 8.13 (dd, J=8.3, 1.5 Hz, 1H), 7.41 (dd, J=
8.3, 4.2 Hz, 1H), 7.36~7.27 (m, 6H), 7.23 (dd, J=11.2,
4.2 Hz, 1H), 4.27 (s, 2H); ESI-MS m/z: 235.1 (M").

3.2.5 BELAR In 894 A%

7E IR T 29.40 g (200.0 mmol) 8-F5FEmMEnpkiA T
140 mL EtOH #, FLIIA 200 g &S ECN 37%HI
NaOH 7Ki&EW, 1+E 10 min, ZBHFHEZE 80 CJa, 1A%
A Z i 0 50 mL CHCl, k%258 30 h, # )20
(TLO)M M 5E /. AR =GR ESHCN 18%1) HCI
WO pH 2, EA ZHL, 07K NaSOs T, g,
FEWR A SR AT (O 7> B A5 5-BEJE-8- R R ek (1), K
O E AR, E 1.8%. mp. 172~174 C (lit.?) m.p. 173~
175 “C); '"H NMR (400 MHz, DMSO-dq) &: 10.15 (s, 1H),
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9.56 (dd, J=8.6, 1.6 Hz, 1H), 8.98 (dd, J=4.1, 1.6 Hz,
1H), 8.17 (d, J=8.1 Hz, 1H), 7.79 (dd, J=8.6, 4.1 Hz,
1H), 7.26 (d, J=8.1 Hz, 1H); ESI-MS m/z: 173.1 (M").
3.2.6 BELAK 1o 8946 &

% 14.52 g (100.0 mmol) 8-FFFEMEMR T 60 mL Ji
HAECON S0%MIBERY, AHE 0 C, Wi 731 g
(110.0 mmol) NaNO, /K¥EK, W5, T3l N =N
48 h. TLC il e i, SevEe, 1398, 8UFH EtOH HE 45
f, U 80.0%, 755 14.00 g 8-F4IE-5-TW RS FEMENE, A
B E K. ¥ 14.00 g (80.0 mmol) 8-F2FE-5- Vi I s
WK T 60 mL Ji R0 HON 50%HmERH, “HIZE 0 C,
0N 6.07 g (88.0 mmol) NaNO, /KA, = iR IHE SN
48 h, IF9E, JEYEH BtOH 45 i, 193 5-fif2E-8-F2 Ak m
Wk (L), K ¥ ok R [ 44, W% 54.9%. mp. 173~
175 C (1it2 mp. 176~177 C); '"H NMR (400 MHz,
DMSO-ds) 6: 13.68 (s, 1H), 8.92 (dd, J=4.5, 1.3 Hz, 1H),
8.67 (d, J=7.3 Hz, 1H), 8.06 (d, J=10.5 Hz, 1H), 7.82
(dd, J=82, 4.6 Hz, 1H), 6.79 (d, J=10.5 Hz, 1H);
ESI-MS m/z: 190.2 (M").

3.2.7 BLAR 1p 4= 1q 894 A&

¥ 24.64 g (200.0 mmol)4l I AL . 34.60 g
(240.0 mmol)K KR 71.14 g (480.0 mmol) 5 F iR = 7.1
T 200 mL EtOH 1, FFHE%E 90 CXM. 2.5h, AFE=E
I, A KERGE G E AT, J9E, JEUTH EtOH Bk,
1545 ¥ (0 [E 44 b 1] 44 40.00 g (140.0 mmol). #4 b )44 i
T 577 mL —ZEEEF, FHEE 260 CHEPERM 0.5 h, %
AR, A 500 mL AymEk, A5G E AN, o
JE, JEUERI A MERGER, TR, 19 4-525E-8 FI A BLndnpk,
RIEE R, WK 68.0%. m.p. 168~170 C (1it.) m.p.
168~169 °C); '"H NMR (400 MHz, DMSO-de) o: 11.34
(s, 1H), 7.75 (d, J=7.3 Hz, 1H), 7.69~7.59 (m, 1H),
7.27~17.22 (m, 2H), 6.05 (d, J=7.4 Hz, 1H), 3.99 (s, 3H).

4 5.00 g (29.0 mmol) 4-¥25E-8 HI A FLMEMRIE T~ 50
mL POCL; #, 208 R % 110 “C &M 10 h. TLC ¥l
R, [ PBEE, R BAR BB 200 mL vkKH, A6
mol/L NaOH &A™ pH A 6~7, i€, JEUFHKYE,
TIR1F 2] 2.60 g 4-5(-8- 1A LM, AR (B A, Wz
46.68%. m.p. 78~80 C (lit.>) m.p. 79~80 C); 'H
NMR (400 MHz, DMSO-de) J: 8.78 (d, J=4.4 Hz, 1H),
7.78 (d, J=4.4 Hz, 1H), 7.73 (d, J=7.6 Hz, 1H), 7.70~
7.65 (m, 1H), 7.32 (d, J=6.9 Hz, 1H), 4.00 (s, 3H).

# 1.60 g (8.30 mmol) 4-5(-8 F A BV T 25 mL
48% HBr H, T 145 C/¥ 48 h, AEHZ=, H 6
mol/L NaOH AT pH A, F EA 2, Tk
Na S04 T, W4s, HEIEH e, 193] 4-50-8-F2 Kk
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(1p), A AR A&, IKE 49.6%. mp. 143~146 C
(lit.29 m.p. 155 C); 'H NMR (400 MHz, DMSO-ds) o:
10.00 (s, 1H), 8.42 (d, J=4.5 Hz, 1H), 8.18 (d, J=4.5 Hz,
1H), 7.62~7.51 (m, 1H), 7.41 (dd, J=8.4, 1.2 Hz, 1H),
7.17 (dd, J=7.7, 1.1 Hz, 1H); ESI-MS m/z: 179.6 (M"),
181.6 M"+2).

$41.00 g (5.7 mmol) 4-FFE-8 HATLMEMRE T 20
mL 5B E0h 48%0) HBr 1, [A19 S8 50 h, AHIE
i, MADEIK, EA Pk, /KAHH NaOH #75, pH
12 J5 BA ZHL, WURK4E, A DE & F 5 (DCM),
FEAHTH, IR, T, SR 4.8- R EMk(1q), K
7w, WE 84%. mp. 317~319 C (lit27 m.p.
321 C); 'H NMR (400 MHz, DMSO-dq) d: 7.73 (d, J=
7.3 Hz, 1H), 7.50 (dd, J=7.9, 1.4 Hz, 1H), 7.16~7.00 (m,
2H), 6.00 (d, J=7.3 Hz, 1H); ESI-MS m/z: 161.1 (M").
3.2.8 BUAR 1r 894 A%

10.40 g (45.0 mmol) 2-if3E-3-J K FEE T 60 mL
EtOH 1, A 12.72 g (227.0 mmol) Fe ¥} 41 0.08 g (2.3
mmol) ¥k HC1, JNFAZE 80 ‘C)e M4 h, AE=E, N
A 4.86 g (41.0 mmol) K ZEd A1 4.03 g (72.0 mmol) KOH,
HRSE7E 80 C/M 6 h, E#LYE, FI# EtOH Mikight,
AR DB, FE O 7 B AR 3 2-IRFE-8- IR, Ty
R E A, W 21.2%. 'H NMR (400 MHz, CDCls) 6:
8.23~8.14 (m, 2H), 8.11 (dd, J=8.6, 2.8 Hz, 1H), 8.05
(dd, J=8.9, 2.8 Hz, 1H), 7.99 (d, J=2.1 Hz, 1H), 7.89
(dd, J=8.6, 3.4 Hz, 1H), 7.85~7.76 (m, 1H), 7.69~7.43
(m, 3H).

# 1.00 g (3.52 mmol) 2-AFE-8- N, 2.07 g
(51.76 mmol) NaOH. 0.41 g (1.65 mmol) CuSO4*5H,0+
0.34 g (5.32 mmol) Cu ¥} 20 mL ZKINA B e v g, T
A 200 CHEFERM 11 h, AEEER, HH, 12
mol/L 2.15 mL 52 pH 1k, G 8k 2 Cu ¥,
JEAH EA ZEHL, AHLZHTK NaSOs T, i, U
TIRAERIG 3] 2-2KFE-8-FR FE MR (1r), Foof tafE Ak, Yk
% 57.8%. m.p. 56~58 C (lit.? m.p. 59 C); '"H NMR
(400 MHz, CDCls) 6: 8.12 (dt, J=17.1, 4.9 Hz, 4H),7.84
(d, J=8.6 Hz, 1H), 7.53 (t, J=7.4 Hz, 2H), 7.47 (d, J=17.3
Hz, 1H), 7.34 (dd, J=9.1, 2.7 Hz, 1H), 7.13 (d, J=2.7 Hz,
1H), 5.80 (s, 1H); ESI-MS m/z: 221.1 (M").

3.2.9 BAK 1s B4 A%

# 5.00 g (30 mmol) 8-FRFEMEMR-N-FALWIET 95
mL ZBREFF, THEZE 140 ‘CJM 10 h. YRR, R4
YA EtOH ¥k, T4, 193] 3.50 g 2-54%-1,2- &%
Ihk-8-3 2, R T

# 3.50 g (17.22 mmol) 2-584%-1,2- A EMk-8-3E 2,

http://sioc-journal.cn/ 2537
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FRIEHS T 90 mL MeOH H, JIA 2.38 g (17.22 mmol)
KoCOs, A KEBEAENTH, TR PR 1 h, &2
R, WURRYE, HRIRDET K, ZEMN 10% (Fi&E
S-E0) HCL, A B GEENTH, S8, T8, 193] 2.65 g
2,8- " FRBE A,

¥ 2.65 g (16.45 mmol) 2,8- SR FEEET 7.57 g
(49.35 mmol) POCL; /1, 110 ‘CJe 4 h, A EIE =R, K
RNARZRBFIN 247 g VoK, FEIMANZ KA pH=7, i
JE, JEWUH EA AHL, JE/K NaxSOs T, LR 45155
2-F-8-F B IR (1s), EI A, 1E 68.3%. m.p. 64~
65 C; 'H NMR (400 MHz, CDCL;) J: 8.10 (d, J=8.6 Hz,
1H), 7.73 (s, 1H), 7.48 (t, J=7.9 Hz, 1H), 7.40 (d, J=8.6
Hz, 1H), 7.34 (d, J=8.1 Hz, 1H), 7.23 (d, J=7.6 Hz, 1H);
ESI-MS m/z: 179.6 (M), 181.6 (M +2).
3.3 KAM(1a)sRu~(1s)sRu &

# 2.07 g (10.0 mmol)ff) RuClyexH,O & T /b & 2.1
o, ERSURY N EESEE 10 min, 9ER Y6 iE T 28
RV KT INN D & F R IL 0 LLFR 257K). 3R )
NN ZEE, BN 45.3 mmol (f) 8-¥RFE kAT A4
1a~1s f13.96 g (48.3 mmol) /K ZF&H, BARY T T
90 TP 2 h, W, MELEIKFE AR, Tk,
JEUF R ORGSR, 7R [ R e % A T 2800 ek R VR i
(K¥ 70 °C, FA%0.08 MPa) 2 h, Mm% 0.5 h B
AL ORAE AT .
3.4 2-BUREEME 4~6 FIE R

¥4 1.0 mmol FHUARARZ 2R 2K F A T 2 mL R A,
PR TN 1.2 mmol BUALE ZHH, 0.07 g (1.3
mmol) CH;ONa F1 0.5% mmol #4b5, EZ SRS N F+
BZAE 60 CIRM 6 h, AFEER, BFE, &8st
(HPLC), 1 mol/L 2hFR1H pH 2%, LR LBEAEEL
JE RS B AR i 4~6.

2-ZR IR (4a): FLAEMREEK, 722 73%. mp. 82~
84 C (lit.¥ m.p. 85 C); 'H NMR (400 MHz, CDCl3) §:
8.22 (dd, J=12.5, 7.7 Hz, 4H), 7.90 (d, J=8.6 Hz, 1H),
7.85 (d, J=8.1 Hz, 1H), 7.80~7.71 (m, 1H), 7.52 (ddt,
J=12.9, 8.3, 5.3 Hz, 4H); 3C NMR (101 MHz, CDCl;) ¢:
157.42, 148.37, 139.77, 136.85, 129.83, 129.74, 129.41,
128.93, 128.38, 127.66, 127.55, 127.26, 126.36, 119.07;
HRMS (Orbitrap ESI) caled for C;sHyN [M+ H]"
206.0925, found 206.0933.

2-(2- H B ORIk ) e Wk (4b): 3R L[N AR, PR ER 79%.
m.p. 70~72 C (lit.®! m.p. 74~75 C); '"H NMR (400
MHz, CDCls) §: 8.23 (d, J=8.4 Hz, 2H), 7.88 (dd, J=8.1,
1.0 Hz, 1H), 7.78 (ddd, J=8.2, 7.0, 1.3 Hz, 1H), 7.58 (ddd,
J=9.6,7.3, 1.5 Hz, 3H), 7.42~7.33 (m, 3H), 2.47 (s, 3H);
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3C NMR (101 MHz, CDCl;) J: 160.37, 147.98, 140.82,
136.16, 136.08, 130.96, 129.79, 129.70, 128.60, 127.60,
126.82, 126.49, 126.11, 122.46, 20.44; HRMS (Orbitrap
ESI) caled for CiHi4N [M + H] " 220.1082, found
220.1088.

2-(2- FAR DR R ) M bk (4e): 38 IR A, 7P e
82%. 'H NMR (400 MHz, CDCls) J: 8.22 (d, J=8.5 Hz,
1H), 8.16 (d, J/=28.6 Hz, 1H), 7.96~7.88 (m, 2H), 7.85 (d,
J=8.1 Hz, 1H), 7.74 (ddd, /=84, 6.9, 1.4 Hz, 1H), 7.55
(ddd, J=8.0, 7.0, 1.1 Hz, 1H), 7.45 (ddd, J=8.3, 7.5, 1.8
Hz, 1H), 7.17 (td, J=17.5, 0.9 Hz, 1H), 7.06 (d, J=8.2 Hz,
1H), 3.89 (s, 3H); *C NMR (101 MHz, CDCl;) J: 157.33,
157.24, 148.40, 135.23, 131.62, 130.45, 129.82, 129.72,
129.34, 127.51, 127.16, 126.30, 123.58, 121.40, 111.57,
55.77; HRMS (Orbitrap ESI) caled for CisHisNO [M+
H]" 236.1031, found 236.1039.

2-Q2-FOREE ) IR (4d): AF B AU AR, FPE 84%.
m.p. 74~75 C (1it.?! m.p. 75~78 C); 'H NMR (400
MHz, CDCl;) ¢: 8.23 (t, J=8.0 Hz, 2H), 7.89 (dd, J=8.1,
0.9 Hz, 1H), 7.81~7.69 (m, 3H), 7.64~7.57 (m, 1H),
7.56~7.51 (m, 1H), 7.42 (pd, J=7.4, 1.8 Hz, 2H); 3C
NMR (101 MHz, CDCl3) ¢: 157.54, 148.18, 139.76,
135.82, 132.49, 131.83, 130.22, 130.01, 129.83, 129.80,
127.68, 127.30, 127.26, 126.91, 122.90; HRMS (Orbitrap
ESI) caled for CisH;oCIN [M+H]" 241.0472, found
241.0467.

2-(2-FEE R IR ) I (de): SB[ A4, FEE 79%.
m.p. 108~110 C (lit.2"" m.p. 110~110 C); 'H NMR
(400 MHz, CDCls) §: 15.25 (s, 1H), 8.28 (d, /=8.9 Hz,
1H), 8.05 (d, J/=8.8 Hz, 2H), 7.97 (d, J=8.0 Hz, 1H), 7.84
(d, J/=8.1 Hz, 1H), 7.76 (dd, J/=11.3, 4.1 Hz, 1H), 7.57 (4,
J=1.5 Hz, 1H), 7.44~7.35 (m, 1H), 7.12 (d, J=8.2 Hz,
1H), 6.98 (t, J/=7.6 Hz, 1H); *C NMR (101 MHz, CDCl5)
0: 161.13, 158.06, 144.78, 137.73, 132.16, 130.58, 127.63,
127.05, 126.78, 126.62, 119.06, 118.84, 118.75, 117.32;
HRMS (Orbitrap ESI) caled for C;sH,NO [M+H] "
222.0874, found 222.0883.

2-(3-F IR ) IR (4): A ELE A, P 88%. mup.
44~45 °C (1it. m.p. 44~45 C); 'H NMR (400 MHz,
CDCl3) d: 8.22 (t, J=8.2 Hz, 2H), 8.01~7.92 (m, 2H),
7.85 (d, J=8.8 Hz, 2H), 7.77 (ddd, J=8.3, 7.0, 1.3 Hz,
1H), 7.60~7.46 (m, 2H), 7.19 (tdd, J=38.3, 2.5, 0.8 Hz,
1H); “C NMR (101 MHz, CDClL) J: 164.69, 162.25,
155.94, 155.92, 148.29, 142.09, 142.02, 137.09, 130.44,
130.36, 129.96, 129.88, 127.59, 127.47, 126.72, 123.19,
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123.16, 118.80, 116.39, 116.18, 114.70, 114.47;, HRMS
(Orbitrap ESI) caled for C;sH FN [M-+H]" 224.0831,
found 224.0821.

2-(3-FUR I MR (4g): FREE AR, 772 86%. m.p.
64~66 C (lit.? m.p. 67~69 °C); 'H NMR (400 MHz,
CDCl;) 6: 8.22 (dd, J=16.2, 8.7 Hz, 3H), 8.09~8.03 (m,
1H), 7.85 (d, J=8.6 Hz, 2H), 7.76 (dd, J=11.3, 4.1 Hz,
1H), 7.57 (t, J=17.5 Hz, 1H), 7.52~7.44 (m, 2H); 1*C
NMR (101 MHz, CDCl3) ¢: 155.62, 148.21, 141.40,
136.98, 134.96, 130.05, 129.88, 129.79, 129.30, 127.71,
127.52, 127.34, 126.64, 125.60, 118.61; HRMS (Orbitrap
ESI) caled for C;sH;CIN [M+H]" 241.0472, found
241.0484.

2-(3- F B 3L ) W K (4h): 8 B IR A, PR
82%. 'H NMR (400 MHz, CDCL3) J: 8.22 (d, J=8.4 Hz,
2H), 8.05 (s, 1H), 7.96 (d, J/=7.7 Hz, 1H), 7.89 (d, J=8.6
Hz, 1H), 7.85 (dd, J=38.1, 1.4 Hz, 1H), 7.76 (ddd, J=28.3,
6.9, 1.4 Hz, 1H), 7.57~7.52 (m, 1H), 7.45 (t, J=7.6 Hz,
1H), 7.34~7.27 (m, 1H), 2.52 (s, 3H); 3C NMR (101
MHz, CDCls) ¢: 157.58, 148.31, 139.68, 138.53, 136.73,
130.17, 129.74, 129.66, 128.78, 128.31, 127.51, 127.21,
126.25, 124.76, 119.16, 21.65; HRMS (Orbitrap ESI) calcd
for C1¢H14sN [M+H]" 220.1082, found 220.1078.

2-(3- FARJE 2R L) IR (4i): 1B [ A, PR3 83%.
m.p. 102~104 C (lit.? m.p. 106~110 C); 'H NMR
(400 MHz, CDCl;) ¢: 8.23 (dd, J=28.4, 5.3 Hz, 2H),
7.92~7.71 (m, 5H), 7.59~7.51 (m, 1H), 7.46 (t, J=7.9
Hz, 1H), 7.05 (ddd, J=38.2, 2.5, 0.6 Hz, 1H), 3.96 (s, 3H);
3C NMR (101 MHz, CDCl;) J: 160.25, 157.23, 148.29,
141.24, 136.89, 129.92, 129.83, 129.78, 128.56, 127.60,
127.56, 127.38, 126.64, 126.44, 120.13, 119.22, 115.50,
112.84, 55.53; HRMS (Orbitrap ESI) calcd for Ci6H;uNO
[M-++H]" 236.1031, found 236.1036.

2-(4- SR IE) MR (4f): IRBEREIE, 773 92%. m.p.
112~114 C (1it.’" m.p. 112~114 °C); 'H NMR (400
MHz, CDCL) ¢: 8.19 (d, J=8.5 Hz, 2H), 8.13 (d, J=7.8
Hz, 2H), 7.81 (t, J=7.2 Hz, 2H), 7.75 (t, J=7.6 Hz, 1H),
7.53 (dd, J=19.4, 7.8 Hz, 3H); *C NMR (101 MHz,
CDCl;) o: 156.10, 148.35, 138.16, 137.07, 135.66, 129.96,
129.82, 129.13, 128.93, 127.61, 127.34, 126.62, 118.66;
HRMS (Orbitrap ESI) caled for C;sH;;CIN [M+H]"
241.0472, found 241.0480.

2-(4- TR % J ) W UK (4k): YR BT B LA, PR A 89%.
m.p. 116~118 C (lit?" m.p. 118~119 C); 'H NMR
(400 MHz, CDCl3) J: 8.20 (dd, J=14.3, 8.6 Hz, 2H),
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8.11~8.04 (m, 2H), 7.84 (d, J=28.5 Hz, 2H), 7.76 (ddd,
J=84,6.9, 1.4 Hz, 1H), 7.72~7.63 (m, 2H), 7.62~7.51
(m, 1H); *C NMR (101 MHz, CDCl3) J: 156.07, 148.32,
138.56, 137.04, 132.04, 129.94, 129.79, 129.17, 127.59,
127.32, 126.60, 124.01, 118.55; HRMS (Orbitrap ESI)
calcd for C;sHy BrN [M+H]" 284.9976, found 284.9985

2-(4-TIOR Ik e bR (40): 3 B (A [l 44, 7228 84%. mup.
137~139 C (1it.?¥ m.p. 140~141 C); 'H NMR (400
MHz, CDCl;) o: 8.20 (dd, J=13.5, 8.6 Hz, 2H), 7.96~
7.90 (m, 2H), 7.90~7.80 (m, 4H), 7.75 (ddd, J=8.4, 7.0,
1.4 Hz, 1H), 7.59~7.52 (m, 1H); *C NMR (101 MHz,
CDCl) o: 156.24, 148.36, 139.20, 138.07, 137.07, 129.97,
129.84, 129.35, 127.61, 127.40, 126.65, 118.55, 96.01;
HRMS (Orbitrap ESI) caled for C;sHjIN [M+H]"®
331.9891, found 331.9905.

2-(4-F LR JR )RR (4m): R 3 (L A, 7R 83%.
m.p. 121~123 C (1it.?® m.p. 121~122 C); 'H NMR
(400 MHz, CDCl) ¢: 8.21 (dd, /=10.7, 9.1 Hz, 2H), 8.12
(d, J/=38.1 Hz, 2H), 7.85 (dd, J=17.2, 8.4 Hz, 2H), 7.79~
7.71 (m, 1H), 7.57~7.50 (m, 1H), 7.37 (d, J=8.1 Hz,
2H), 2.47 (s, 3H); '*C NMR (101 MHz, CDCl;) 6: 157.38,
148.36, 139.46, 136.93, 136.73, 129.71, 129.65, 127.52,
127.17,126.15, 118.92, 21.42; HRMS (Orbitrap ESI) calcd
for C16H14NO [M-+H]" 220.1082, found 220.1076.

2-(4- i 3 2 3L ) 1 UK (4m): A (0 [ELAA, PR R 94%.
m.p. 122~124 C (lit.? m.p. 123~125 C); 'H NMR
(400 MHz, CDCls) o: 8.37~8.31 (m, 4H), 8.28 (d, J=8.5
Hz, 1H), 8.20 (d, J=8.5 Hz, 1H), 7.88 (dd, /=12.6, 8.4
Hz, 2H), 7.79 (ddd, /=8.4, 7.0, 1.3 Hz, 1H), 7.63~7.56
(m, 1H); '3C NMR (101 MHz, CDCls) J: 154.52, 148.35,
148.31, 145.45, 137.38, 130.29, 130.00, 128.33, 127.64,
127.35, 124.04, 118.77, HRMS (Orbitrap ESI) calcd for
CisHiN,O2 [M+H]" 251.0776, found 251.0786.

2-(4- AR LR kTR (do): A ELTELAE, 723 93%.
m.p. 116~118 C (1lit.?”! m.p. 118~120 C); 'H NMR
(400 MHz, CDCls) 9: 8.24~8.12 (m, 4H), 7.87~7.78 (m,
2H), 7.77~7.70 (m, 1H), 7.56~7.48 (m, 1H), 7.11~7.04
(m, 2H), 3.90 (s, 3H); 3*C NMR (101 MHz, CDCI;) ¢:
160.94, 157.02, 148.37, 136.78, 132.33, 129.71, 129.60,
129.02, 127.55, 127.02, 126.04, 118.68, 114.35, 55.51;
HRMS (Orbitrap ESI) caled for C;sH4NO [M+H]"
236.1031, found 236.1038.

2-(4-FR LRI IR (4p): A BE AR, PR 72%.
m.p. 235~237 C (lit.? m.p. 237~238 C); 'H NMR
(400 MHz, DMSO-ds) J: 9.83 (s, 1H), 8.37 (d, J=8.6 Hz,
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1H), 8.18~8.11 (m, 2H), 8.03 (dd, J=16.1, 8.6 Hz, 2H),
7.95 (d, J=8.1 Hz, 1H), 7.74 (ddd, /J=28.4, 6.9, 1.4 Hz,
1H), 7.57~7.52 (m, 1H), 6.95~6.89 (m, 2H); 3C NMR
(101 MHz, DMSO-ds) d: 159.12, 156.08, 147.58, 136.85,
129.74, 129.56, 128.81, 128.74, 127.74, 126.55, 125.82,
118.14, 115.64; HRMS (Orbitrap ESI) calcd for C;sH;2NO
[M-++H]" 222.0874, found 222.0883.

2-(3,4- UL ER(4q): IR OEE, 7R 89%.
m.p. 132~134 °C; 'H NMR (400 MHz, CDCl;) ¢: 8.34
(d, J=2.1 Hz, 1H), 8.25 (d, J=8.6 Hz, 1H), 8.18 (d, J=
8.5 Hz, 1H), 8.02 (dd, J=28.4, 2.1 Hz, 1H), 7.84 (t, J=38.7
Hz, 2H), 7.77 (ddd, J=8.4, 6.9, 1.4 Hz, 1H), 7.65~7.54
(m, 2H); *C NMR (101 MHz, CDCl;) J: 154.67, 148.28,
139.58, 137.25, 133.65, 133.25, 130.83, 130.14, 129.85,
129.50, 127.62, 127.47, 126.92, 126.65, 118.36, 77.48,
77.16, 76.84; HRMS (Orbitrap ESI) caled for C;sH;oCIN
[M+H]" 275.0083, found 275.0093.

2-(3,4- — AL AT I (4r): VR G [ELAR, R
86%. m.p. 114~116 C (lit.?! m.p. 116~117 C); 'H
NMR (400 MHz, CDCls) o: 8.18 (d, J=8.5 Hz, 2H), 7.90
(d, J/=2.0 Hz, 1H), 7.88~7.78 (m, 2H), 7.76~7.65 (m,
2H), 7.51 (t, J=7.5 Hz, 1H), 7.00 (d, J/=8.4 Hz, 1H), 4.06
(s, 3H), 3.97 (s, 3H); 3C NMR (101 MHz, CDCl;) :
156.88, 150.44, 149.44, 148.26, 136.69, 132.57, 129.67,
129.52, 127.51, 127.03, 126.05, 120.32, 118.67, 111.10,
110.49, 77.48, 77.16, 76.84, 56.08, 56.04; HRMS (Orbitrap
ESI) caled for C;7H;¢NO, [M+H]" 266.1136, found
266.1129.

2-(2-Fa -5 H BRI IR ) IR (4s): KR T EL[E 1A, F=A
73%. m.p. 142~144 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
15.00 (s, 1H), 8.24 (d, J=8.9 Hz, 1H), 8.03 (d, /=8.9 Hz,
2H), 7.81 (d, J=8.1 Hz, 1H), 7.77~7.71 (m, 2H), 7.54 (4,
J=7.5Hz, 1H), 7.20 (dd, J=38.3, 1.5 Hz, 1H), 7.02 (d, J=
8.3 Hz, 1H), 2.39 (s, 3H); 3*C NMR (101 MHz, CDCl;) ¢:
158.87, 158.15, 144.93, 137.60, 133.01, 130.50, 127.73,
127.69, 127.62, 127.19, 126.68, 126.58, 118.67, 118.49,
117.34, 20.92; HRMS (Orbitrap ESI) calcd for CisH14NO
[M-++H]" 236.1031, found 236.1039.

2-(2-FR K -5- IR ) N (40): IR BB A, R
69%. m.p. 177~180 C; 'H NMR (400 MHz, CDCl;) ¢:
8.32 (d, J/=8.9 Hz, 1H), 8.06 (d, J=8.5 Hz, 1H), 7.99 (d,
J=8.9 Hz, 1H), 7.92 (d, /=2.5 Hz, 1H), 7.86 (d, J=28.1
Hz, 1H), 7.78 (ddd, J=8.4, 7.0, 1.4 Hz, 1H), 7.63~7.56
(m, 1H), 7.33 (dd, J=38.7, 2.5 Hz, 1H), 7.05 (d, /=8.8 Hz,
1H); BC NMR (101 MHz, CDCl) J: 159.68, 156.78,
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144.68, 138.08, 131.85, 130.85, 127.72, 127.66, 127.19,
126.81, 126.58, 123.53, 120.16, 119.98, 117.12; HRMS
(Orbitrap ESI) caled for CisH; CINO [M+H]" 257.0421,
found 257.0409

2-FHBL IR (Sa): W U, 73 71%. 'H NMR
(400 MHz, CDCl3) o: 8.02 (d, J=8.5 Hz, 1H), 7.97 (dd,
J=8.4, 3.0 Hz, 1H), 7.71 (d, J=38.0 Hz, 1H), 7.64 (ddt,
J=8.5, 7.0, 1.8 Hz, 1H), 7.46~7.39 (m, 1H), 7.21 (dd,
J=8.4, 3.2 Hz, 1H), 2.71 (d, J/=2.2 Hz, 3H); *C NMR
(101 MHz, CDCl3) ¢: 159.03, 147.87, 136.26, 129.50,
128.62, 127.55, 126.55, 125.74, 122.06, 25.39; HRMS
(Orbitrap ESI) caled for CioH;0O[M +H] " 144.0769,
found 144.0775.

1,2,3,4-DUSIY IE(Sb): ¥ Tl {4, 73 82%. m.p.
49~51 C (1it.?"' m.p. 50~53 °C); '"H NMR (400 MHz,
CDCl3) o: 7.99 (d, J=28.5 Hz, 1H), 7.77 (s, 1H), 7.68 (d,
J=8.1 Hz, 1H), 7.63~7.57 (m, 1H), 7.42 (t, J=7.4 Hz,
1H), 3.13 (t, J=6.5 Hz, 2H), 2.96 (t, J=6.3 Hz, 2H),
2.03~1.95 (m, 2H), 1.93~1.85 (m, 2H); *C NMR (101
MHz, CDCl3) 6: 159.31, 146.63, 134.99, 130.97, 128.50,
128.30, 127.23, 126.92, 125.55, 33.60, 29.28, 23.26, 22.94;
HRMS (Orbitrap ESI) caled for C;3Hi4sN [M + H] "
184.1082, found 184.1090.

2,3- A -1H-3K [ [b] VE Wk (Sc): ¥ 0 [ A, PR
80%. m.p. 59~61 C (1it.” m.p. 61~62 C); 'H NMR
(400 MHz, CDCls) ¢: 8.00 (d, J/=8.4 Hz, 1H), 7.76 (s,
1H), 7.65 (d, J=8.1 Hz, 1H), 7.56 (dd, J=28.2, 7.1 Hz,
1H), 7.39 (t, J=7.5 Hz, 1H), 3.10 (t, J=7.6 Hz, 2H),
3.03~2.95 (m, 2H), 2.19~2.06 (m, 2H); 3C NMR (101
MHz, CDCl;) 6: 167.82, 147.40, 135.54, 130.25, 128.45,
128.26, 127.37, 127.32, 125.43, 34.52, 30.43, 23.55;
HRMS (Orbitrap ESI) caled for C;,;H N [M + H]©
170.0925, found 170.0937.

2-(2- Mt g HE ) PE IR (5d): KB L AR, R E 89%.
m.p. 97~99 C (1it.') m.p. 98~100 °C); '"H NMR (400
MHz, CDCls) ¢: 8.76 (d, J=4.7 Hz, 1H), 8.68 (d, /=8.0
Hz, 1H), 8.59 (d, J=8.6 Hz, 1H), 8.29 (d, /=8.6 Hz, 1H),
8.21 (d, J=8.5 Hz, 1H), 7.88 (ddd, /=8.2, 6.4, 2.4 Hz,
2H), 7.75 (t, J=7.6 Hz, 1H), 7.56 (t, J=7.5 Hz, 1H),
7.41~7.32 (m, 1H); ®C NMR (101 MHz, CDCl) ¢:
156.35, 156.17, 149.17, 147.93, 136.94, 136.81, 129.82,
129.56, 128.25, 127.62, 126.76, 124.03, 121.84, 118.97;
HRMS (Orbitrap ESI) caled for Ci;H N, [M+H]"
207.8780, found 207.9820.

2-(2-WEWy F)WE IR (Se): Atk R, 775 84%. mup.
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134~136 C (lit? m.p. 133~135 °C); 'H NMR (400
MHz, CDCl;) d: 8.12 (dd, J=10.8, 8.8 Hz, 2H), 7.79~
7.69 (m, 4H), 7.49 (dd, J=9.4, 4.5 Hz, 2H), 7.18 (dd, J=
4.9, 3.8 Hz, 1H); 3C NMR (101 MHz, CDCL) ¢: 152.39,
148.17, 145.46, 136.66, 129.87, 129.32, 128.65, 128.15,
127.56, 127.25, 126.16, 125.94, 117.70; HRMS (Orbitrap
ESI) caled for C;3H;oNS [M+H] " 212.0849, found
212.0857.

2-(2-WR g 36 ) E MR (5F): A (A fE 44, =% 85%. m.p.
82~84 C (lit.27 m.p. 87~89 C); 'H NMR (400 MHz,
CDCl;) d: 8.31~8.02 (m, 2H), 7.92~7.60 (m, 4H),
7.59~7.41 (m, 1H), 7.36~7.18 (m, 1H), 6.73~6.50
(m,1H); 3C NMR (101 MHz, CDCL) &: 153.79, 149.10,
148.18, 144.18, 136.72, 129.93, 129.44, 127.64, 127.22,
126.26, 117.53, 112.30, 110.20; HRMS (Orbitrap ESI)
caled for C13H oNO [M+H]™ 196.0718, found 196.0712.

2-(2-ZRHL)EMR(Sg): IR ALEE, FPE 88%. m.p.
160~162 C (1it.2”) m.p. 160~162 ‘C); 'H NMR (400
MHz, CDCl;) d: 8.65 (s, 1H), 8.41 (dd, J=8.6, 1.7 Hz,
1H), 8.27 (d, J=8.5 Hz, 2H), 8.04 (dd, J=11.1, 7.1 Hz,
3H), 7.93 (dt, J=6.9, 3.4 Hz, 1H), 7.90~7.83 (m, 1H),
7.82~7.74 (m, 1H), 7.62~7.49 (m, 3H); *C NMR (101
MHz, CDCls) 6: 157.26, 148.49, 137.07, 136.91, 133.98,
133.62, 129.85, 129.84, 128.94, 128.69, 127.84, 127.61,
127.34, 127.26, 126.83, 126.45, 125.18, 119.26; HRMS
(Orbitrap ESI) caled for CioHiuN [M-+H]" 256.1082,
found 256.1094.

2-1R-5,6- A K I [c] MY WE(Sh): FREEAE M, FEE
72%. m.p. 97~99 ‘C; 'H NMR (400 MHz, CDCls) o:
8.74 (d, J=2.1 Hz, 1H), 8.15 (d, J=8.5 Hz, 1H), 7.91 (s,
1H), 7.75 (d, J=8.1 Hz, 1H), 7.68 (ddd, J=8.4, 6.9, 1.4
Hz, 1H), 7.55~7.41 (m, 2H), 7.14 (d, J=8.0 Hz, 1H),
3.16~3.07 (m, 2H), 2.96 (dd, J=8.2, 5.7 Hz, 2H); 13C
NMR (101 MHz, CDCly) &: 151.96, 147.59, 138.14,
136.66, 134.01, 132.39, 130.22, 129.69, 129.53, 128.95,
128.92, 128.08, 127.05, 126.50, 121.30, 28.53, 27.92;
HRMS (Orbitrap ESI) calcd for C;7H;;BrN [M+H]'
311.0133, found 311.0146.

2- WA JE-5,6- A IR IF[c] Y mE(Si): B mE Ak, 77
Z 78%. m.p. 80~82 C; 'H NMR (400 MHz, CDCl3) o:
8.21~8.15 (m, 2H), 7.93 (s, 1H), 7.76 (d, J=8.1 Hz, 1H),
7.68 (ddd, J=8.4, 6.9, 1.4 Hz, 1H), 7.53~7.46 (m, 1H),
721 (d, J=8.3 Hz, 1H), 6.98 (dd, J=8.3, 2.8 Hz, 1H),
3.99 (s, 3H), 3.17~3.08 (m, 2H), 2.97 (dd, J=8.2, 5.7 Hz,
2H); 3C NMR (101 MHz, CDCls) §: 159.13, 153.33,
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147.58, 135.72, 133.79, 131.94, 130.74, 129.46, 129.08,
128.70, 127.97, 127.00, 126.16, 116.99, 109.73, 55.64,
29.15, 27.61; HRMS (Orbitrap ESI) calcd for CigHisNO
[M-+H]" 262.1187, found 262.1194.
2-IRBE-5- S MEMR (6a): B O A, FPF 76%. mup.
100~102 C; 'H NMR (400 MHz, CDCls) J: 8.65 (dd,
J=8.9, 0.6 Hz, 1H), 8.24~8.17 (m, 2H), 8.13 (d, J=38.1
Hz, 1H), 8.00 (d, J=8.9 Hz, 1H), 7.68~7.48 (m, 5H); 13C
NMR (101 MHz, CDCl3) ¢: 157.97, 149.02, 139.06,
133.68, 131.29, 129.80, 129.41, 129.02, 129.00, 127.72,
126.32, 125.37, 119.78; HRMS (Orbitrap ESI) calcd for
CisHiCIN [M+H]" 241.0472, found 241.0480.

2- IR Fk-6-FEMK(6b): IR EE (LEE, 72 79%. m.p.
106~107 C (1lit.*Y m.p. 106~107 C); 'H NMR (400
MHz, CDCls) o: 8.24~8.16 (m, 2H), 8.12 (dd, J=8.7, 4.3
Hz, 2H), 7.89 (d, J/=8.7 Hz, 1H), 7.81 (d, /=1.9 Hz, 1H),
7.68 (dd, J=9.0, 2.3 Hz, 1H), 7.61~7.46 (m, 3H); 13C
NMR (101 MHz, CDCl3) ¢: 157.61, 146.71, 139.26,
135.88, 131.95, 131.38, 130.61, 129.62, 128.95, 127.77,
127.55, 126.18, 119.84; HRMS (Orbitrap ESI) calcd for
CisHi i CIN [M+H]" 241.0472, found 241.0479.

2- K-8 L ME W (60): VR ¥E A, PR 81%.
m.p. 45~47 C (1lit.B" m.p. 46~47 C); 'H NMR (400
MHz, CDCl) d: 8.37 (dd, J=5.3, 3.3 Hz, 2H), 8.19 (d,
J=8.6 Hz, 1H), 7.94 (d, J=38.6 Hz, 1H), 7.71 (d, J=28.1
Hz, 1H), 7.68~7.59 (m, 3H), 7.58~7.52 (m, 1H), 7.51~
7.44 (m, 1H), 3.03 (s, 3H); 3C NMR (101 MHz, CDCl;) ¢:
155.28, 147.10, 139.75, 137.52, 136.77, 129.62, 129.17,
128.70, 127.41, 127.01, 125.92, 125.36, 117.97, 17.95;
HRMS (Orbitrap ESI) caled for CiHisN [M + H]"*
220.1082, found 220.1089.
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