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Abstract

An improved process for the synthesis of 6-arylindenoisoquinoline derivatives was developed, and the key

intermediate cis-N-(4-hydroxyphenyl)-1-oxo-3-phemyl-1,2,3,4-tetrahydroisoquinoline-4-carboxylic acid was stereoselectively

synthesized. The intermediate with 6-arylindenoisoquinoline core could be obtained by an one-pot three-component
condensation catalyzed by KAI(SO,),*12H,0. The overall yield of the target compounds was 36%~51%. The improved
synthesis method is more suitable for scale-up production with satisfactory stereoselectivity, easily purified procedures and

higher yields.

Keywords 6-arylindenoisoquinolines; cis-intermediate; stereoselective reaction; one-pot three-component method; synthesis
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Figure 1 6-Arylindenoisoquinoline (1) and intermediate tetra-
hydroisoquinoline acid (2a)

6- 77 Bk Bl I 7 W WK R 2 AT A2 0 1 5 A A MR
Cushman FF3& [ 9525 & 3% (Scheme 1) BISE st
FLIR T (3) MR T e (4a) Il 26 4-"RIR R (5), il
5 e KR I (6a) £ — ST e h A A4 6 U, A5 2
)44 VY & 7 E KR TR (2a) Y cis-FIT trans-F AR BITR &
W, Hor cis-2a WRIAE SR = SR IPER 7 &
AR AL 6-77 Kl T EMRER % 7, A&
kSR S N b A R EE T SE R 6- 75 Bl 0 7
WERRAR T A0S B, T SOV AE R trans-2a 75 EEE
PG MR IR AE IE T 4500 Y L B 1 SR 1 T R 4 R A
ME N, H trans-2a i@t 40N cis-Za[7’8],
PRI B & o R A 5, 39K T BRI, R
b7 B E R R, & A T B AN
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Scheme 1 General preparation of 6-arylindenoisoquinoline (1)
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J cis-2a PR, JFE—PIRR T =40 —miE B AUR
K Z R K cis-2a BIRBLSEAF, TR T &M 6-77
BE BT AR AT AE VDK B % 2k (Scheme 2). I EGEE
(0 BT 7R B A SRR AR YR meE
DU, TEEL 6-77 3 Bl I MR B AT A P ) K B

NH, CHO 0
ioall vative
HO
3 4a (0]
6a

KAI(SO,), « 12H,0 O

acetonitrile, r.t., 6 h

cis-2a

B2 =0 —EE S ¥ cis-2a
Scheme 2 Stereoselective synthesis of cis-2a by one-pot three-
component reaction

1 4R5iT1ie
1.1 hE)k 2a BILEHFRIE

AR AT KR 2a A ALEEHE 'H
NMR H 3-H il 4-H 2 [AI A5 BOR /NI E : cis- 5744
PRI 3-H A 4-H AT AR, P9 C—H Ful 22 a6 ek,
BAEVEHSR, AMBMEAWE T — A 5~8 Hz 21, 'H
NMR FEilE b 3-H fl 4-H % BR8N d 1&; trans-SHk
) 3-H Al 4-H &L TR 5700, 9 C—H g M T
90°, MIEAZ s HN, BEEMRRE, AEBEEHE T —
MAE 0~2 Hz 2. [a], '"H NMR & 3-H 1 4-H — %
LA s W, S E A 2a 3E47 TH NMR A0S o] DL H,
H3-HM4-H KA N d g, HEESHE$J=5.7Hz,
P& cis-F AR RHRE, - H AR 9 SCRR o AT RIS i 45
FARFAE—2>, /] LLAAAIE R 1144 2a K cis-S 7R (A 2).
1.2 BSETEUFIEHET 5 6a fFEE RN EETH

3,

i%

HAFHE T WBIEA R, TR AR
FAVRI IS N7 3 P8 %o 35— 240 MW Jie 0 v B R I 46 5 (I 52 M. LA
A-FEIHREIEIERY 5 A BRERET 6a MRl EIEMEIL M
T, BE 3 P H 5T 5 A BRI TR RIS [R] RS
FERT cis-2a WAL (2 1), N W I 45 o )5 I Ak 1R 4l
th, HBWR DL BES RN cis-2a 405 HE. SRR,
AR A R NSZE R O B SR AR AR, R LA
RGN, 80 C R B M. FT AFF 3 55% IR, (1
SEP IR B — D X R R 3 AR R da 45 5 AR S
TN 87%, WUTCHEATIZC AT T PR 1) d S A
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Table 1
condensation of 5 and 6a in non-catalytic system

(0]
+ solvent
6a

1.00861
1.0517
2.1037

0.9891

Effect of different reaction conditions on the

COZH
L
© OH

5 oH ©
cis-2a
Entry Solvent Temp./'C Yield’/%

1 Acetonitrile r.t 41
2 THF 1.t 35
3 Chloroform r.t 40
4 Acetonitrile Reflux 55
5 THF Reflux 39
6 Chloroform Reflux 43

@ 44 5 (30.9 mmol), 6a (30.9 mmol, 1 equv.), A7 60 mL; * &M%
BIRG B
1.3 RFERS RS 5 HER 1L T 5 70 6a fi S BT R R 5514
ik

R AR R cis-2a FIBCRAR, T B E I
72, ASCKEARIE SN G NG 5] N2 6-75 ZE Bl I v
ORI AT AR DI AR . AR SRR TE, BT R AN %
SV ITRAE R B VE B cis-/trans-DU R S EWR R AL &
R HEET ZHNH, 0 silica sulfuric acidy KAI(SO,),
12H,0. Yb(OTH); B L, A Jy Ak | G e B #4533 cis-
SARIOL T TiCL, 8% BF3EtO AL EFF 2] trans-
SRR RS T BL L. silica sulfuric acid«
KAI(SOy),*12H,0 B¢ Yb(OTH); 1E N AT, LEHH A 4%
B R LR 264 R, X AR H 5 A 6a
GiAE133 cis-2a 2R 2). EHRERM, X LML

2152 http://sioc-journal.cn/

RE R KI5 cis-2a IR, DL KAL(SO,),e 12H,0 RUR i
fR(FE 2, Entry 4), H KAI(SO4),*12H,0 #ixf T HiAth 3 Fh

MR R B S BB, IRNRE R E . K PERD
A3 3] cis-2a 4, TEFRAER. PoRkeEEEHEN 55
afifl; 25, KAI(SO4)y*12H,0 AH XS HoAth 3 F i 44551 B¢ 5
AT, MBI, SRR fEE MR, JEFE
AR A RH &, &, WA && %R
KAI(SOy),* 12H,0 1E A SARIEREE A K cis-2a AL,
B f5, B5 T AR AR SR X KAL(SO.),012H,0
AR FIR2M(ZR 2, Entries 5~10), A PLKE A
A, TR T RNMBCREEEE 2, Entry 5), Al EIE 90%,
TN b 259 R B — 20 o R IR R R H A A AR RS 1)
R 87%, KAI(SO4),*12H,0 AL T W52 i e iR
I8 78%.

F 2 RFERBEEN R TR Lewis BREAL T 5 F1 6a 4ifr

At
Table 2 Effect of different reaction conditions on the

condensation of 5 and 6a catalyzed by protonic acid or Lewis
acid

catalyst
+ —_—
solvent, 6 h

0 cis-2a
6a
Entry Catalyst Solvent  Temp./C Yield®/%

1 L CH,Cl, rt 83
2 Silica sulfuric acid CH,Cl, r.t 80
3 Yb(OTY); CH,Cl, r.t 84
4 KAI(SO,),*12H,0 CH,Cl, rt 87
5 KAI(SO,),*12H,0  Acetonitrile r.t 90
6  KAISO,),*12H,0 THF rt 85
7 KAI(SO,),*12H,0 Chloroform r.t 76
8 KAI(SO,),*12H,0  Acetonotrile 40 87
9 KAI(SO,),*12H,0  Acetonotrile 60 70

10 KAI(SO,),*12H,0 Acetonotrile  Reflux 66

© 2015 Chinese Chemical Society & SIOC, CAS

¢ R AF: 5 (30.9 mmol), 6a (30.9 mmol, 1 equiv.), fEALF (15.5 mmol,
0.5 equiv.), A7 60 mL; * 2 SIS A4y B 74 2K,
1.4 KAI(SO,)*12H,0 LR 3, 4 F1 6 =R —%msE
& B &5k

B, Wit st 7 KAI(SO4),*12H,0 ik N =41
Gy —iF R FEVE A A cis-2a IOV ER, BBV R
DR R I AN A ol G S )
KAI(SO4),*12H,0 AL Rkl ifl, LLORE Nk
TR, R (3), 7K (4a) Fl = PR R I (62) 9 5
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Bl ToKBRBREE KA, 8T RMIREXS cis-2a UK
RFEW(R 3, Entries 1~4). HFPISER T N RE
(3 3, Entry 1), AIA85.5%, T KAI(SO4),*12H,0 #EfL
TWIERR 78%, [FIN WD I N 4E N —. %
F IR, HARY) 1la~1h FEVCRAT N 17%~33%%2
FE 36%~51%(K 4). BEJERATENLE BV A T XF
SSLEPIG T — 2 R, DR I (4b) il 4-H4
B = BRER I (6b) VE A ISR, (EMF B2 T &
% T cis-2b 1 cis-2¢(3% 3, Entries 5~6), HUE 5 cis-2a
WAH BRI ZERR.

F3 A R RUERPIA KAI(SOy),* 12H,0 fEAL T =415)
— i A R
Table 3 Effect of different reaction temperature and substrates

on the one-pot three-component method catalyzed by KAI(SO,),*
12H,0

Entry R! R’ Product Temp./'C Yield®/%
1 H H cis-2a r.t 86
2 H H cis-2a 40 77
3 H H cis-2a 60 69
4 H H cis-2a Reflux 54
5 CH;0 H cis-2b r.t 88
6 CH;0 Br cis-2¢ r.t 85

¢ R4 3 (30.9 mmol), 4 (30.9 mmol, 1 equiv.), 6 (30.9 mmol, 1 equiv.),
KAI(SOy4),*12H,0 (15.5 mmol, 0.5 equiv.), 7&7/K MgSO4 (61.8 mmol, 2
equiv.), ZJiE 60 mL, SSIIFIA] 6 h; KSR K 0 B R

4 PSR S AR 1a~1h FIYCE
Table 4 Yields of 1a~1h by the improved synthesis method

Compd. R Yield*/%
ANY
1a N 40
N/\/\’;\
1b 46
NNy
1c )N & 43
1d N )
/\/ g
le @N & 51
~
/\/}j\
N
1f (\ 36
1g \"\1/\}{ 47
\N/\/\;\

1h ‘ 37

s RIS 24 S TA P S £ A
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2 i

IR SRR A RIS AN 2 20 Sy — i, W
THIERAL T 6-75 FE Bl 7 M W R A0 B 0 1 B it 28,
X R S D IR I SR AR EAT I, 153 T AR IR B
ZAF. KA KAI(SO,),212H,0 & FE M £ fl 5% i v |] 44
cis-2a, B SEAREREMELS . R R RS R AR
VERTRAZEAR 55, H. KAN(SO4),*12H,0 &1k BE, &5
B, MIWEAEAD, & T A E A S Tkt A 5=, R
F =215y — 4Rk B ARPUBIE B B cis-2a, J/b T R BiE
FRFVIRLG R, AR S T cis-2a HAERL. @ DL B
Meit, HARLEY 1a~1h FREEHRYIEN 17%~
33%IEEE 36%~51%(GK 4), AR E, [FRATENE
N VYA SRR 6- 75 B B S v R D5 Ak S W &
FRAIAT AL FR A TSR 1A T V2

3 LIRS
3.1 NE5RFA

AW 5 R A MELT-TEMP 2 % 55 A0 & ;
IR F Nicolet Impact 410 2 B A5 3 217 A6 1A
(KBr JEJr); i 5 GC-MS 2050 <5 5k A A%
(EI-MS)&{ Agilent 1946A-MSD % Jii # X (ESI-MS) | & ;
S d ] Bruker AV300 %(300 MHz)a{ Bruker AV400
74(400 MHz)#ZBEFEARAGN 2, DMSO-ds 8 CDCL 1Ei#
7, TMS 1EANFR, FEEHTRH 100~200 B (E &
WERIRTER T ). BREEULEA AL, BTG R4 A T
B M AR, R I 74 R B ) A o T R A
3.2 cis-N-(4-BEEFE)-1-8K-3-FH-1,234-HE%
M= -4-214 (cis-2a) RO & A SEIE /354

Sk 5.01 g (30.9 mmol) =i FLER 6a ¥ T 60 mL £
G, PR T IR I AT 3) 3.37 g (30.9 mmol), 7K
Fi%(4a) 3.14 mL (30.9 mmol), BHJ5 NN KAI(SO,),*
12H,0 7.35g (15.5 mmol) 1 JE/K MgSO, 7.4 g (61.8
mmol), ZEi NI 8 h, KRR G, R
A, FRAYIIIN 100 mL KA FFFH8EHE 10 min, JHIE,
WU HEE (25 mL)AIZK(25 mL)BeicEdf, TREHA
(i 14 9.49 gB It 86%. m.p. 192~193 °C; 'H NMR
(300 MHz, DMSO-dg) d: 9.49 (s, IH, OH ), 8.06 (d, J=7.4
Hz, 1H, ArH), 7.46~7.62 (m, 3H, ArH), 7.09~7.30 (m,
3H, ArH), 6.99~7.06 (m, 2H, ArH), 6.96 (d, J=8.6 Hz,
2H, ArH), 6.67 (d, J=8.6 Hz, 2H, ArH), 537 (d, J=5.7
Hz, 1H, 3-CH), 4.96 (d, J=5.7 Hz, 1H, 4-CH); MS (ESI)
m/z: 360 [M+H]".
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33 cCis-N-4-BEXE)1-FR-7-HEHE-3-FH-
1,2,3,4-F0 S S IEM-4- 5 (cis-2b) B & X

L 4-F 4R 2 B ER (6b) 5.93 g (30.9 mmol). X &3
M (3) 3.37 g (30.9 mmol), K H % (4a) 3.14 mL (30.9
mmol) NERE, R cis-2a MFEKERGE, HAHG
R 10.9 g, & 88%1. m.p. 162~164 ‘C; 'H NMR
(300 MHz, DMSO-d;) d: 9.49 (s, 1H, OH), 7.52~7.57 (m,
2H, ArH), 7.11~7.18 (m, 4H, ArH), 6.99~7.09 (m, 2H,
ArH), 6.94 (d, J=8.6 Hz, 2H, ArH), 6.66 (d, J=8.6 Hz,
2H, ArH), 5.32 (d, J=5.7 Hz, 1H, 3-CH), 4.88 (d, J=5.7
Hz, 1H, 4-CH), 3.83 (s, 3H, 7-OCH3); MS (ESI) m/z: 390
[M+H]".
34 cis-N-(4-BEXE)1-F5R-3-@-REH)7-HE
E-1,2,3,4- S BIEW-4-184 (cis-2¢) I & B

L 4-F 4R 2 B ER (6b) 5.93 g (30.9 mmol). X} &3
ZKy(3) 3.37 g (30.9 mmol). XIRZK 4 (4b) 5.7 g (30.9
mmol) NJERl, KA cis-2a MFEKERTE, HAHG
Bl 123 g, W% 85%. mp. 143~146 °C; 'H NMR
(300 MHz, DMSO-d;) &: 9.51 (s, 1H, OH ), 7.48~7.59
(m, 2H, ArH), 7.39 (d, J=8.3 Hz, 2H, ArH), 7.16 (d, J=
8.3 Hz, 2H, ArH), 6.95 (d, J=7.3 Hz, 4H, ArH), 6.68 (d,
J=8.7 Hz, 1H, ArH), 5.34 (d, J=5.8 Hz, 1H, 3-CH), 4.86
(d, J=5.8 Hz, 1H, 4-CH), 3.83 (s, 3H, 7-OCH;); MS (ESI)
m/z: 506 [M+K]".
3.5 6-(4-F2EFE)-5H-ENH-[1,2-c]REM-5,11(6H)-
ZER(7)BNE R

BY cis-2a 4.25 g (11.8 mmol) T 100 mL Jo/K H 2K,
PERE RN — &AM 17.1 mL (236 mmol), N5 THE
IR 2 h, SONZEH G AR S, IR 28 BRI 7R —
A, FIAEAS 100 mL JoK B BE M, A
=&ML 472 g (35.4 mmol), BN 4 h, RMNEEH
&, AHRER, TUsPBAEFLZZINA 100 mL /K
BRI, F 500 mL 70, AR 100 mL
IKBEBE 2 IR, T, ORZERRIER, FrisHs A 20 mL
DU Z00K IR E &5 4, 1540 ok AR E R 2.92 ¢, IR
73%P mp. 278 ~280 C; 'H NMR (300 MHz,
DMSO-ds) 8: 10.07 (s, 1H, OH), 8.75 (d, J=8.3 Hz, 1H,
ArH), 8.35 (d, J=8.3 Hz, 1H, ArH), 7.76 (t, J=8.3 Hz,
1H, ArH), 7.55 (d, J=7.3 Hz, 1H, ArH), 7.49 (t, J=7.3
Hz, 1H, ArH), 7.36 (d, J=8.7 Hz, 2H, ArH), 7.25 (t, J=
7.6 Hz, 1H, ArH), 7.15 (d, J=8.7 Hz, 2H, ArH), 7.04 (t,
J=7.6 Hz, 1H, ArH), 5.64 (d, J=7.6 Hz, 1H, ArH); MS
(EI) m/z: 339 [M]".

2154 http:/sioc-journal.cn/
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3.6 6-HFEENFHFEWMENTTE 1 NEK
3.6.1  6-[4-(2-9%"2 5 T A )R HK]-5H-30 7 [1,2-c] F
k-5, 11(6H)- —ER(1a) 49 & 5k,

B A8 2.71 g (8.0 mmol) AT N-(2- 5 £ F5) IR e £
I 2h 4.42 g (24.0 mmol)¥& i T+ 50 mL N, N-— F AL HI ki
(DMF)H, IIABRERER 4.42 g (32.0 mmol) A 1k & (1) it
R, ZALRY R 90 CREI 8 h, RIMLE G EIE
FiE, ZEIMAF] 100 mL AKH, HEEE, HE, 20 mL
IKBEIEDE, T8, Fropfa A W& R R @ MR =
20 © 1 HEENTER S, RO G ACIRE A 2.31 gP, iR
64%. m.p. 98~102 C; 'H NMR (400 MHz, CDCl3) ¢:
8.74 (d, J=8.0 Hz, 1H, ArH), 8.37 (d, J=8.0 Hz, 1H,
ArH), 7.78 (t, J=8.0 Hz, 1H, ArH), 7.57 (d, J=7.2 Hz,
1H, ArH), 7.50 (t, J=7.2 Hz, 1H, ArH), 7.35 (d, J=8.8
Hz, 2H, ArH), 7.25 (t, J=7.6 Hz, 1H, ArH), 7.15 (d, J=
8.8 Hz, 2H, ArH), 7.07 (t, J=7.6 Hz, 1H, ArH), 5.68 (d,
J=7.6 Hz, 1H, ArH), 426 (t, J=6.0 Hz, 2H, OCH,-
CH,N), 2.89 (t, J=6.0 Hz, 2H, OCH,CH,N), 2.50~2.71
(m, 4H, 2,6-piperidyl-H), 1.65 ~ 1.71 (m, 4H, 3,5-
piperidyl-H), 1.50~1.52 (m, 2H, 4-piperidyl-H); IR (KBr)
vi 3545, 3421, 2925, 1669, 1607, 1503, 1412, 1247, 759,
530 cm™'; MS (EI) m/z: 450 [M]".

3.6.2  6-[4-(3-vkv A7 A )R A ]-SH-30 5 [1,2-c] F
k-5, 11(6H)- —ERA(1b) &9 & &

PIALAEHT 2.71 g (8.0 mmol) Al N-(3-5 74 3 IR I £
22k 4.73 g (24.0 mmol)NJE KL, KA 5 1a fH[F & BT
%5, PHRLLENE K 2.72 g, WK 73%. mp. 132~138 C;
'H NMR (400 MHz, CDCl3) J: 8.74 (d, J=8.0 Hz, 1H,
ArH), 8.37 (d, J=8.0 Hz, 1H, ArH), 7.78 (t, J=8.0 Hz,
1H, ArH), 7.56 (d, J=7.2 Hz, 1H, ArH), 7.49 (t, J=7.2
Hz, 1H, ArH), 7.34 (d, J=8.8 Hz, 2H, ArH), 7.26 (t, J=
7.6 Hz, 1H, ArH), 7.14(d, J=8.8 Hz, 2H, ArH), 7.07 (t,
J=7.6 Hz, 1H, ArH), 5.70 (d, J=7.6 Hz, 1H, ArH), 4.17
(t, J=7.6 Hz, 2H, OCH,CH,CH,N), 2.66 (t, J=7.6 Hz,
2H, OCH,CH,CH,N), 2.40~2.61 (m, 4H, 2,6-piperidyl-
H), 2.14~2.17 (m, 2H, OCH,CH,CH,N), 1.69~1.74 (m,
4H, 3,5-piperidyl-H), 1.52~1.54 (m, 2H, 4-piperidyl-H);
IR (KBr) v: 3463, 2965, 1606, 1502, 1410, 1251, 1074,
806, 759, 528 cm'; MS (EI) m/z: 464 [M]".

3.63 6-[4-Q2-= T T AR K]-SH-30HF[1,2-c]
Fro k-5, 11(6H)-—BR(1¢) 9 & Ak,

PIALEHIT 2.71 g (8.0 mmol) T N-(2-5 2. 3%) . 2 Ji%
ThEREL 4.13 g (24.0 mmol) N JEE}, K5 1a M [E A Ak
Tk, BIRA A 241 g R 69%. mp. 127~
132 C; 'H NMR (400 MHz, CDCl3) J: 8.75 (d, J=8.0

Chin. J. Org. Chem. 2015, 35, 2150~2156
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Hz, 1H, ArH), 8.35 (d, J=8.0 Hz, 1H, ArH), 7.79 (t, J =
8.0 Hz, 1H, ArH), 7.57 (d, J=7.2 Hz, 1H, ArH), 7.50 (t,
J=17.2 Hz, 1H, ArH), 7.40 (d, J=8.8 Hz, 2H, ArH), 7.26
(t, J=7.6 Hz, 1H, ArH), 7.17(d, J=8.8 Hz, 2H, ArH), 7.01
(t, J=7.6 Hz, 1H, ArH), 5.70 (d, J/=7.2 Hz, 1H, ArH),
4.73 (t, J=5.7 Hz, 2H, OCH,CH,N), 3.57 (t, J=6.0 Hz,
2H, OCH,CH,N), 3.31~3.42 (m, 4H, N[CH,CH,),],
1.47~1.59 [m, 6H, N(CH,CHj),]; IR (KBr) v: 3463, 2965,
1668, 1606, 1502, 1410, 1251, 1074, 806, 759, 528 cm ';
MS (EI) m/z: 438 [M] .

3.64 6-[4-3-=C AR AA)RA]-SH-5 FF[1,2-]
Fok-5,11(6H)-—ER(1d) 4 & A&,

ISP 7 2.71g (8.0 mmol) Al N-(3-E( A8 — 2. i
R 4.46 g (24.0 mmol) WL, K5 1a HFE R
ik, BIRA AR 243 ¢ WE 67%. mp. 122~
124 “C; '"H NMR (400 MHz, CDCl;) &: 8.72 (d, J=8.0
Hz, 1H, ArH), 8.34 (d, J=8.0 Hz, 1H, ArH), 7.77 (t, J=
8.0 Hz, 1H, ArH), 7.56 (d, J=7.2 Hz, 1H, ArH), 7.49 (t,
J=17.2 Hz, 1H, ArH), 7.36 (d, J=8.4 Hz, 2H, ArH), 7.26
(t, J=7.6 Hz, 1H, ArH), 7.12 (d, J=8.4 Hz, 2H, ArH),
7.07 (t, J=7.6 Hz, 1H, ArH), 5.67 (d, J=7.6 Hz, 1H,
ArH), 4.26 (t, J=4.8 Hz, 2H, OCH,CH,CH,N), 3.32 (t,
J=17.6 Hz, 2H, OCH,CH,CH,N), 3.21~3.25 (m, 4H,
N(CH,CH3),), 2.49 ~2.50 (m, 2H, OCH,CH,CH,N),
1.48~1.52 [m, 6H, N(CH,CHj3),]; IR (KBr) v: 3440, 2964,
1666, 1607, 1503, 1413, 1251, 760, 532 cm '; MS (EI)
m/z: 452 [M]".

3.6.5 6-[4-(2-(4-F Aok )T AR K ]-5H-F0 7
[1,2-c] 5% #-5,11(6H)-—ER(1e) 4 & Ak,

ISP 7 2.71 g (8.0 mmol)Fl N-(2-54 2. 3E)-4-H
FLOREE R L 5.65 g (24.0 mmol) NJEERl, KH 5 1a
FHE G 7%, MR AR 3.01 g WK% 81%. m.p.
136~140 °C; "H NMR (400 MHz, CDCL3) 6: 8.74 (d, J=
7.6 Hz, 1H, ArH), 8.35 (d, J=7.6 Hz, 1H, ArH), 7.79 (t,
J=8.0 Hz, 1H, ArH), 7.57 (d, J=6.8 Hz, 1H, ArH), 7.50
(t, J=7.6 Hz, 1H, ArH), 7.36 (d, J=8.8 Hz, 2H, ArH),
7.26 (t, J=7.6 Hz, 1H, ArH), 7.14 (d, J=8.8 Hz, 2H,
ArH), 7.08 (t, J=7.2 Hz, 1H, ArH), 5.70 (d, J=7.2 Hz,
1H, ArH), 4.28 (t, J=5.4 Hz, 2H, OCH,CH,N), 3.42 (t,
J =54 Hz, 2H, OCH,CH,N), 3.06 ~3.19 (m, 8H,
piperazinyl-H), 2.81 (s, 3H, NCHj;); IR (KBr) v: 3545,
3447, 2926, 1669, 1608, 1503, 1411, 1248, 760, 531 cm ';
MS (EI) m/z: 465 [M] .
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3.6.6  6-[4-(3-(4-F H ki )M AR E]-5H-%6 5F
[1,2-c] & #-5,11(6H)- —ER (1) &9 & nk,

PALEY 7 2.71 g (8.0 mmol)Fl N-(3-5 1A %%)-4- H
FURIEE —ERRE 6.22 g (24.0 mmol) NJERL, KA 1a
FHIEG BT, MR AR 220 g, W 57%. mp.
179~182 °C; '"H NMR (400 MHz, CDCL) §: 8.72 (d, J=
8.0 Hz, 1H, ArH), 8.35 (d, J=8.0 Hz, 1H, ArH), 7.76 (t,
J=8.0 Hz, 1H, ArH), 7.55 (d, J=7.2 Hz, 1H, ArH), 7.48
(t, J=7.6 Hz, 1H, ArH), 7.34 (d, J=8.8 Hz, 2H, ArH),
725 (t, J=7.6 Hz, 1H, ArH), 7.13 (d, J=8.8 Hz, 2H,
ArH), 7.06 (t, J=7.2 Hz, 1H, ArH), 5.68 (d, J=7.6 Hz,
1H, ArH), 4.16 (t, J=6.4 Hz, 2H, OCH,CH,CH,N),
2.61~2.65 (m, 2H, OCH,CH,CH,N), 2.53~2.62 (m, 8H,
piperazinyl-H), 2.36 (s, 3H, NCHj), 2.06~2.09 (m, 2H,
OCH,CH,CH,N); IR (KBr) v: 3470, 2926, 2792, 1670,
1608, 1504, 1414, 1251, 762, 529 cm™'; MS (EI) m/z: 479
M]".

3.6.7 6-[4-Q-=F A T AR HA-5H-20 H[1,2-c]
Froktk-5,11(6H)- —ER(1g) 49 & &,

PIALEH)T 2.71 g (8.0 mmol) T N-(2-5 2. 5%) — F fi%
EhiRh 3.46 g (24.0 mmol) N JEEL, K5 1a HF A B
Tk, BIEAEE A 241 g IR 74%. mp. 152~
156 ‘C; '"H NMR (400 MHz, CDCl3) J: 8.73 (d, J=8.0
Hz, 1H, ArH), 8.36 (d, J=8.0 Hz, 1H, ArH), 7.78 (t, J=
7.6 Hz, 1H, ArH), 7.56 (d, J=7.2 Hz, 1H, ArH), 7.50 (t, J
=7.6 Hz, 1H, ArH), 7.35 (d, J=8.8 Hz, 2H, ArH), 7.26 (t,
J=17.6 Hz, 1H, ArH), 7.17(d, J=8.8 Hz, 2H, ArH), 7.05 (t,
J=7.2 Hz, 1H, ArH), 5.67 (d, J=7.6 Hz, 1H, ArH), 4.22
(t, J=5.6 Hz, 2H, OCH,CH,N), 2.86 (t, J=5.6 Hz, 2H,
OCH,CH,N), 2.43 [s, 6H, N(CH;),]; IR (KBr) v: 3583,
3442, 2935, 1668, 1607, 1502, 1411, 1249, 762, 532 cm ™ ';
MS (EI) m/z: 410 [M]".

3.6.8  6-[4-(3-=F M A 7 A )R K ]-5SH-F 5F[1,2-c]
Fok-5,11(6H)-—BR(1h) & 4 &

PIALAEH T 2.71 g (8.0 mmol) Al N-(3-5 74 32 IR I £
225 3.79 g (24.0 mmol)NJE KL, KA 5 1a fH[F & BT
%, FHRLLEIE R 1.98 g, UK 58%. m.p. 148~152 C;
'H NMR (400 MHz, CDCl3) d: 8.73 (d, J=8.0 Hz, 1H,
ArH), 8.36 (d, J=8.0 Hz, 1H, ArH), 7.78 (t, J=7.6 Hz,
1H, ArH), 7.56 (d, J=7.2 Hz, 1H, ArH), 7.49 (t, J=7.6
Hz, 1H, ArH), 7.34 (d, J=8.8 Hz, 2H, ArH), 7.26 (t, J=
7.2 Hz, 1H, ArH), 7.14 (d, J=8.8 Hz, 2H, ArH), 7.09 (t,
J=7.2 Hz, 1H, ArH), 5.69 (d, J=7.2 Hz, 1H, ArH), 4.17
(t, J=6.4 Hz, 2H, OCH,CH,CH,N), 2.55~2.58 (m, 2H,
OCH,CH,CH)N), 2.34 [s, 6H, N(CH;),], 2.06~2.09 (m,
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2H, OCH,CH,CH,N); IR (KBr) v: 3478, 3436, 2950,
1668, 1607, 1504, 1412, 1249, 760, 532 cm '; MS (EI)
m/z: 424 [M]".

B A &L (Supporting Information) H[E]{A cis-2a~2¢
] ESI-MS fI 'H NMR K, Hirfb&%) 1a~1h 1)
EI-MS. IR fil '"H NMR [ X 2epopklal L4 3 A AT
%35 (http://sioc-journal.cn/) I N .
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